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PorassiuM is generally considered in asso- 
ciation with nitrogen in protoplasm rather 
than as an isolated element. The general 
pattern of potassium and nitrogen metabo- 
lism in burns has been well documented. 
The initial response of a well nourished 
individual to a burn is characterized by 
large losses of potassium in the urine and 
in the exudate. A negative balance may 
continue for several weeks in the severely 
burned patient on an ad libitum intake, 
resulting in cumulative net losses of from 
300 to 1,000 milliequivalents. In the ab- 
sence of alkalosis a markedly negative bal- 
ance can be tolerated without clinical symp- 
toms. However, consideration of the total 
body economy would emphasize the inad- 
visability of allowing the losses to continue 
without making an effort to replace them. 

In studies of burned patients, it has been 
observed previously (4) that the potassium 
balance is directly related to the potassium 
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intake. It is important to define more clear- 
ly the influence of the intake on the balance 
during different phases of the postburn 
course and to relate the alterations in po- 
tassium metabolism to those of nitrogen 
metabolism in a controlled study. 


METHODS 


The selection of patients, experimental 
design, and metabolic routines have been 
described in detail (5). The 11 patients 
were men between the ages of 18 and 33 
years who had burns which fell in the index 
range of 20 to 35. They were observed on 
metabolic studies during four 10 day periods 
which began on postburn days 7, 30, 60, 
and 90. 

Two experimental designs were employed. 
In plan I, 7 levels of potassium intake, 3 of 
which were repeated, were given during 
the 10 days of each period. The lowest level 
was given the first and last days and the 
others were randomly assigned to the inter- 
vening 8 days. In plan II the patients were 
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TABLE I.—POTASSIUM INTAKE IN MILLIEQUIV- 
ALENTS PER SQUARE METER, PLAN I 


Study 
day 30 31 32 33 34 
1 27 27 27 27 27 

2 50 121 83 154 83 
3 83 83 121 194 50 
4 154 50 194 50 154 
5 121 194 121 83 232 
6 194 121 50 194 194 
7 121 194 154 121 121 
8 194 232 194 232 194 
9 232 154 232 121 121 
10 27 27 27 27 27 


TABLE II.—POTASSIUM INTAKE IN MILLIEQUIV- 
ALENTS PER SQUARE METER, PLAN II 


Study 

35 36 37 38 39 40 

1-5 50 154 83 194 121 232 
6-10 154 50 194 83 232 121 


TABLE III.—TOTAL CUMULATIVE POTASSIUM 
BALANCES IN MILLIEQUIVALENTS, PLAN I 


Period 30 31 32 33 34 
1 +249* — 84 +475 + 501 — 159 
2 +380 +328 +200 + 439 + 131 
3 +448 +985 +384 + 565 + 132 
4 +372 +420 +441 + 904 + 305 
Controls +781 +485 +573 +1233 +1110 


*Six days. 


studied as pairs. One member of each pair 
received a lower level for the first 5 days of 
each 10 day period and a higher level for 
the last 5 days. The other member was 
given the levels in the reverse order. 

The intake of potassium was that which 
occurred naturally in the constituents of the 
intake with the exception of period 1 when 
all patients except patients 31 and 32 were 
given 75 to 100 milliequivalents of supple- 
mental potassium acetate or chloride per 
day (Tables I and II). The potassium to 
nitrogen ratio of the intake was fairly con- 
stant at all level of nitrogen after period 1 
and ranged from 7.6 to 8.2 milliequivalents 
per gram of nitrogen. This is slightly higher 
than the potassium to nitrogen ratio of the 
average diet which is between 5 and 6 
milliequivalents per gram of nitrogen. 


RESULTS 


Balance data, plan I. The potassium bal- 
ance data of patient 32 and control 32C, 
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plotted in the conventional manner, are 
shown in Figures 1 and 2 and are charac- 
teristic of the group. 

Only patients 31 and 34 had negative 
cumulative potassium balances during peri- 
od 1 (Table III). During periods 2, 3, and 
4 all patients had positive balances. The 
potassium balance tended to become more 
positive with time but showed variation 
among periods and patients. The controls 
had more positive potassium balances dur- 
ing the 10 day study period than the patients 
had during period 4. On the days of re- 
peated intakes the balances were, almost 
without exception, less positive or more 
negative than the first time they were given. 

Statistical analysis and regression lines, plan I. 
An analysis of variance of the cumulative 
balances for each of the 4 patient-periods 
and the 1 period of the controls showed that 
there was no difference in the response 
among the patients during periods 1 and 2 
to the 10 day intake. There was a signifi- 
cant difference in the response during 
periods 3 and 4 when the cumulative bal- 
ances ranged from +71 to +519 milli- 
equivalents per square meter and +160 to 
+564 milliequivalents, respectively. There 
was no significant difference among the 
controls. Covariance analysis of the data of 
periods 2, 3, and 4 of the patients and of 
the 1 period of the controls was made to 
assess the influence of the previous day’s 
intake and showed that the effect was not 
significant. Data for period 1 were not ana- 
lyzed by covariance because several of the 
patients had received supplemental potassi- 
um which resulted in varying intakes. 

Regression lines of the potassium balance 
on intake were calculated for the 4 study 
periods of each patient and for the 1 study 
period of each control. Figures 3 and 4 
show the resultant regression lines of patient 
32 and control 32C. Although there was 
variation among the constants of the re- 
gression lines of the patients, a pattern was 
apparent (Table IV). The x-intercepts, the 
intake required for equilibrium, and the 
y-intercepts, the balance on “zero” intake, 
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became smaller with each successive period 
except for patient 32. The x-intercept of 
this patient was smaller during the first 
period than during periods 2 and 3. There 
was no consistency in the change of the 
slopes during the first 3 periods, but all 
were least steep during period 4. The re- 
gression lines of the controls did not show 
close agreement with each other or with 
period 4 of the partner-patient. 

The combined potassium balances for 
each period were corrected by the analysis 
of covariance for the regression due to the 
previous day’s intake. The regression lines 
of the adjusted balances on the intake are 
shown in Figures 5 and 6. These lines follow 
the trends seen in the individual patient 
data: both the x-intercepts and the y-inter- 
cepts decreased from period 1 through 
period 4 (Table V). The slopes had no 
definite pattern of change. The controls had 
the same x-intercept as the patients in 
period 4, but a steeper slope and hence a 
greater y-intercept. 

The regression lines of the adjusted bal- 
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Fic. 1. Potassium balances of patient 32. This patient 
did not receive additional potassium during period 1. 
The collection for day 2, period 2, was lost. The intake 
is measured up from the zero line and the output down 
from the intake line. The shaded area below the zero 
line shows negative balance, and the clear area above 
the zero line shows positive balance. Total intake and 
balance are shown. 

Fic. 2. Potassium balances of control 32C. 


ances were significantly linear in all periods 
and during periods 3 and 4 were signifi- 
cantly curvilinear (Fig. 7). A t-test of the 
intercepts of the succesive periods indicated 
that the decrease in the x-intercepts was 
significant. The y-intercepts and slopes of 
the successive periods did not change sig- 
nificantly. ‘The slope of the regression line 
of the controls was significantly steeper than 
that of the patients during period 4. 
Potassium to nitrogen ratios, plan I, The 
potassium balances were considered in con- 
junction with the previously reported nitro- 
gen balances. During period 1 the ratios of 
the balances of the 2 patients who were in 
negative potassium and nitrogen balance 
were less than the protoplasmic ratio of 3:1 
(Table VI). During the successive periods 
the balances of patient 34 consistently gave 
potassium to nitrogen ratios which hovered 
about 3:1. The potassium to nitrogen ratios 
of the other 4 patients ranged from 13.0:1 
to 71.4:1 during period 2 but, in general, 
decreased in the later periods. The ratios of 
the potassium and nitrogen balances of the 
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PERIOD 1 PERIOD 2 
= 
100) 00 € 50k e 
x J 25 75 125 175 225 
° y*~17 +0.3456x 50 K Intake mEq/m2 
48 x*102 
Fic. 4 
25 75 125 175 225 25 75 175 225 
K Intake mEq/m2 K Intake mEq/m2 


PERIOD 3 


PERIOD 4 


Fig. 3. Potassium regression lines of 
patient 32. 
Fig. 4. Potassium regression line of 
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control 32C. This control had a positive 
potassium balance on the lowest intake 
resulting in a negative x-intercept and a 
positive y-intercept. 
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controls ranged from 8.6:1 to 11.0:1 and 
were higher than those of the partner- 
patients during period 4. 

Balance data, plan IT. Figures 8, 9, 10, and 
11 illustrate the potassium balances of 
patients 37 and 38 and controls 37C and 
38C who received the intermediate intake. 
During period 1 only pair 1 who received 
the lowest intake had negative cumulative 


TABLE IV.—CONSTANTS OF THE POTASSIUM RE- 
GRESSION LINES, PLAN I 
Period _—_ Constants 30 31 32 33 34 
1 x-intercept 130 124 48 97 190 


y-intercept —67 —68 —78 —42 
slope 0.5172 0.5499 0.3456 0.8038 0.2230 
2 x-intercept 52 83 102 82 96 
y-intercept —15 -—51 —58 —33 
slope 0.2929 0.5928 0.5716 0.7038 0.3524 
3 x-intercept 42 37 85 43 91 
y-intercept -24 —48 -20 
slope 0.3043 0.6461 0.5636 0.4671 0.3002 
4 x-intercept 36 23 37 —13 62 
y-intercept —9 —5 —10 6 —18 
slope 0.2335 0.2330 0.2279 0.4770 0.2968 
Controls x-intercept —1.0 42 19 ° 38 51 
y-intercept 0.3 -14 -1i1 -30 —41 
slope 0.3371 0.3295 0.1737 0.7906 0.8028 


Intake and balance were converted to intake and balance juare 
meter before the regression lines were calculated. _ 


125 225 
K Intake mEq/m2 


potassium balances, although the balance 
of patient 36 was slightly positive while he 
received the higher intake (Table VII). 
The cumulative balances all became in- 
creasingly positive with the successive peri- 
ods with the exception of those of patient 
38. The cumulative balances did not reflect 
the total intake since pairs 1 and 2 general- 
ly retained more potassium than pair 3. 

The controls, with the exception of 36C, 
had more positive potassium balances than 
the partner-patient did during period 4. 

Statistical analysis and regression lines, plan 
II. The results of the analysis of variance of 
the potassium balance data are summarized 
in Table VIII. Only the members of pair 
3 during period 4 showed a significantly 
different response to the 10 day intake. The 
effect of the levels of intake on the balances 
was significant during the early patient- 
periods. In the 3 pairs of controls the bal- 
ances showed a significant effect from the 
two levels given. The significant order-level 
interactions which occurred were due to 
more positive balances on the low intake 
than on the high intake. 
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Fic. 5. Regression lines of the adjusted potassium balances of the patients in plan I. The potas- 
sium intakes of period 1 varied among the individual patients, and the balances for this period 
could not be adjusted for the regression due to the effect of the previous intake. The lines of periods 
2, 3, and 4 are significantly linear, and there is a significant curvilinear tendency in periods 3 and 4. 

Fic. 6. Regression line of the adjusted potassium balances of the controls in plan I. The com- 
bined balances of the 5 controls have been corrected for regression due to the effect of the previous 


intake. The line is significantly linear. 


Average daily potassium balances were 
determined for each level of intake, and re- 
gression lines of the average balance on 
intake were calculated for each period of 
the patients and for the controls (Figs. 12 
and 13). The x-intercept and y-intercept 
of period 2 were smaller than those of period 
1 (Table IX). In periods 3 and 4 the x- 
intercepts were negative and the y-inter- 
cepts were positive. The slopes of all periods 
were very shallow. Regression lines of the 
control data had a positive x-intercept, 
negative y-intercept, and a slope steeper 
than any patient-period. The regression 
lines of periods 1, 2, and 4 of the patients 
and of the controls were significantly linear. 

Potassium to nitrogen ratios, plan II. During 
period 1 only the members of pair 1 had 
potassium and nitrogen balances which 
were both negative, and the potassium to 
nitrogen ratios were less than the proto- 
plasmic ratio (Table X). During period 2 
the positive balances of 3 of the patients 
gave high ratios ranging from 12.9:1 to 


80.4:1. In general, the potassium to nitro- 
gen ratios of periods 3 and 4 were higher 
than the protoplasmic ratio. The 1 excep- 
tion is patient 39, whose potassium to 
nitrogen ratios were consistently small. The 
ratios of the balances of the controls ranged 
from 7.3:1 to 9.2:1 and, with 1 exception, 
were higher than those of the partner- 
patient during period 4. 


DISCUSSION 


The immediate postburn period is char- 
acteristically associated with extremely large 
potassium losses. Unless adequate potassium 
is administered as early as is feasible, hy- 
pokalemia often supervenes. This consid- 
eration prompted the use of supplemental 


TABLE V.—CONSTANTS OF REGRESSION LINES OF 
ADJUSTED POTASSIUM BALANCES, PLAN I 
‘ Slope 
109 —50 
79 —40 
60 —29 
30 —10 
30 —18 


0.4542 
0.5037 
0.4824 
0.3237 
0.5782 
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TABLE VI.—POTASSIUM AND NITROGEN BALANCES AND THE POTASSIUM TO NITROGEN RATIOS, PLAN I 


Balance and Period. 

Patient ratio 1 2 3 4 Controls 
30 K balance, mEq./m.? +131.0* +200.0 +235.0 +196.0 +411.0 
N balance, gm./m? —- 21° + 2.7 + 25.1 + 45.8 + 47.9 

K:N _ 71.4 9.4 4.3 8.6 

31 K balance, mEq./m.? — 44.0 +173.0 +519.0 +221.0 +256.0 
N balance, gm./m2 — 64.4 —- 65 + 33.4 + 34.0 + 23.3 

K:N 0.6 — 15.5 6.5 11,0 

32 K balance, mEq./m.? +250.0 +105.0 +202.0 +231.0 +318.0 
N balance, gm./m.? — 25.8 + 7.4 + 34.2 + 39.6 + 29.0 

K:N _ 4.2 5.9 5.8 11.0 

33 K balance, mEq./m.? +313.0 +274.0 +353.0 +564.0 +649.0 
N balance, gm./m.? — 49.2 + 21.1 + 49.7 + 71.9 + 70.3 

K:N _ 13.0 71 78 9.2 

34 K balance, mEq./m.* — 84.0 + 69.0 + 70.0 +160.0 +555.0 
N balance, gm./m.? — 35.6 + 21.4 + 28.2 + 43.5 + 65.1 

K:N 2.4 3.3 2.5 3.7 8.5 


*Six days. 


intravenous potassium during period 1. If 
an adequate oral intake can be maintained, 
however, supplemental intravenous potassi- 
um is apparently unnecessary since the bal- 
ances of patients 31 and 32 who did not 
receive the supplement were not strikingly 
different from those of the other patients. 
During periods 2, 3, and 4 the potassium 
intake was that which occurred normally 
in the constituents of the formulas. 

During period 1, seven of the 11 patients 
had positive cumulative potassium balances. 
In the succeeding periods increasing amounts 
of potassium were stored, and generally the 
balances were most positive during period 
4. Since no significant variation occurred 
in the plasma potassium during the study 
periods, it can be assumed that the storage 
of potassium was an intracellular increase. 

The controls, with 2 exceptions, were in 
more positive potassium balance than the 
patients during period 4. The large retention 
of potassium by the patients can be partially 
explained by the need to replace the losses 
that occurred immediately after the burn 
and the additional losses that occurred 
between the study periods. However, the 
controls should have had no deficits, and, 
while their marked storage of potassium 
cannot be adequately explained from these 
data, it probably represented tissue growth 
engendered by the surfeit intake. 

By the seventh postburn day, when this 


study began, the phase of greater potassium 
than nitrogen loss is generally past, and a 
positive potassium balance may occur in 
the presence of a negative nitrogen balance. 
This relationship of the balances was ob- 
served during period 1; all patients had 
negative nitrogen balances, but only 4 had 
negative potassium balances. The potassium 
to nitrogen ratios of the negative balances 
were less than 3:1 and indicate that less 
potassium was being lost than would result 
from the breakdown of protoplasm. Potas- 
sium to nitrogen ratios greater than 3:1 of 
the patients after period 1 may be attributed 
to the repletion of intracellular water in 
addition to the reconstitution of protoplasm. 
It appears to be characteristic of recovery 
from trauma and has been observed by 
others during convalescence from burns and 
from surgery. The 1 exception was patient 
39, who stored less potassium than patient 
40, with resultant small potassium to nitro- 
gen ratios. Unexpectedly, the potassium to 
nitrogen ratios of the balances of the con- 
trols were larger than those of the patients 
during period 4. The controls were well 
nourished young men beyond the phase of 
active growth, yet their potassium to nitro- 
gen ratios were similar to the range reported 
for growing children by Macy. It is likely 
that the high potassium to nitrogen ratios 
observed in this study would have been 
decreased by longer study periods. 
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TABLE VII.—TOTAL CUMULATIVE POTASSIUM 
BALANCES IN MILLIEQUIVALENTS FOR EACH 
LEVEL OF INTAKE, PLAN II 

Period. 
2 


K BAL. mEq/m® 

+ 

n 
F 


+133 
+ 78 
+211 
+ 88 
— 83 
+ 5 


8 


—190 
+537 
+347 
+342 
— 13 
+329 


+221 
+450 
+333 
— 55 
+278 


> 


— 31 
+ 70 
+ 39 
+254 
— 18 
+236 


4277 
+ 41 
+318 
+209 
+121 
+330 


The constants of the regression lines from 
both the individual data and the com- 
bined data showed a definite pattern of 
change. The x-intercepts of plan I indi- 
cated that the requirement of potassium 
for equilibrium decreased as the postburn 
course progressed, and by period 4 it was 
the same as that of the controls. In plan II 
the x-intercepts of the first 2 periods also 
showed a decreasing potassium requirement 
for equilibrium. The absolute values of the 
two plans differed because the lowest intake 
of plan I was deliberately omitted in plan 
II, thus eliminating a negative point on 
the regression line. Furthermore, average 
daily balances obtained from 5 days on a 
given intake tend to be more positive on low 
levels and less positive on high levels of 
intake than 1 day balances on the same 
intakes. The meaningless x-intercepts of 
periods 3 and 4 of plan II may be similarly 
explained, since none of the 5 day average 
balances were negative. The average bal- 
ances of the controls were also positive on 
all levels of intake, but the balances were 
more positive on the high intakes and less 
positive on the low intakes than were the 
balances of the patients. This resulted in a 
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K BAL. mEq/m? 


y?-23 + 30.88x-3.20x” 


1 


1 1 1 
125 175 9225 
K INTAKE mEq/m® 
Fic. 7. Curvilinear regression lines of adjusted po- 
tassium balances of periods 3 and 4, plan I. The potas- 


sium regression lines of the adjusted balances of these 
periods are significantly curvilinear. 


positive x-intercept for the controls in con- 
trast to the negative x-intercepts for the 
patients during periods 3 and 4. Thus, it 
appears that the potassium metabolism of 
the controls of both plans was more sensitive 
to the potassium intake than it was in the 
patients. 

The y-intercept, the balance on zero in- 
take, represents the obligatory daily urinary 
potassium resulting from the metabolic 
processes. In addition, since the regression 
lines are calculated from balances based 
upon total output, the effect of the fecal 
and exudate potassium is reflected in the 
y-intercept. The y-intercepts of plan I 
diminished progressively throughout the 4 
periods of the study. This is a measure of 
the decreasing metabolic rate and exudate 
loss. The same phenomenon is seen in the 
first 2 periods of plan II. However, in 
periods 3 and 4 the ability of the patients 
to achieve positive potassium balance on all 
levels of intake given yielded regression lines 
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Fic. 8. Potassium balances of patient 37, pair 2. 
This patient was given a total daily intake of 149 milli- 
equivalents of potassium during the first 5 days of each 
period and 349 milliequivalents during the last 5 days. 
During period 1, 100 milliequivalents of potassium 
acetate were given intravenously each day. In period 
2 and in period 4 the stools were analyzed as 10 day col- 
lections because no definite demarcation seemed to be 
evident. 

Fic. 9. Potassium balances of control 37C, pair 2. 
This control was given a total daily intake of 158 milli- 
equivalents of potassium for the first 5 days of the period 
and 368 milliequivalents for the last 5 days of the 
period. On the fifth day it was noted that the intake was 
incomplete. 
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Fic. 10. Potassium balances of patient 38, pair 2. 
This patient was given a total daily intake of 368 milli- 
equivalents for the first 5 days of each period and 158 
milliequivalents for the last 5 days. During periods 1 
and 2, 80 milliequivalents of potassium chloride were 
given intravenously each day. During the first two 
periods, the apparent fluctuations in the intake are due 
to slight variations in the potassium administered intra- 
venously. 

Fic. 11. Potassium balances of control 38C, pair 2. 
This control was given a total daily intake of 310 milli- 
equivalents of potassium for the first 5 days of the period 
and 133 milliequivalents for the last 5 days. It was 
noted that intake was incomplete on the first 2 days of 
the period. 
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TABLE VIII.—ANALYSIS OF VARIANCE OF POTASSIUM BALANCES, PLAN II 


Period 
1 
2 
3 


Controls 


*Significant at 5.0 per cent level. 
{Significant at 1.0 per cent level. 

{Significant at 0.1 per cent level. 


TABLE IX.—CONSTANTS OF POTASSIUM RE- 
GRESSION LINES OF COMBINED PATIENT DATA, 
PLAN II 


Period i i Slope 

0.2810 
0.2311 
0.0616 
0.1617 
0.4283 


1 

2 

3 

4 
Controls 


TABLE XI.—RATIO OF X-INTERCEPTS OF POTAS- 
SIUM AND NITROGEN REGRESSION LINES, 
PLANS I AND II 

x-intercepts i 

Plan and ratios 7 2 

K, mEq./m.* 109.0 79.0 
N, 20.7. 13.1 
K:N 5.2 6.0 
K, mEq./m? 175.0 88.0 
N, gm./m2 25.5 16.4 
K:N 68 5.4 


with positive y-intercepts which are not 
subject to interpretation. The y-intercepts 
of the controls of plans I and II were in 
close agreement and were more negative 
than those of the patients in period 4. This 
can be attributed in part to the fact that the 
controls had more positive balances than 
the patients on the high intake. 

The changes observed in the x-intercepts 
and y-intercepts are closely correlated with 
the clinical course of the patients. The 
catabolic predominance during period 1 is 
reflected in the large amount of potassium 
required to establish equilibrium and the 
magnitude of the negative balance on zero 
intake. By period 3 the patients were en- 
tirely grafted and well into convalescence. 
They were essentially normal by period 4, 
and the x-intercept and y-intercept had be- 
come similar to those of the controls. 

The slopes of the regression lines indicate 


TABLE X.—POTASSIUM AND NITROGEN BALANCES 


AND THE POTASSIUM TO NITROGEN RATIOS, 
PLAN II 


Controls 


—119.0 —111.0 +223.0 +234.0 +307.0 


— 96.0 — 12.8 + 41.6 + 51.5 + 42.0 
1.2 5.4 4.5 7.3 


—154.0 + 3.0 +241.0 +352.0 +280.0 


— 70.0 — 29.4 + 37.1 + 29.4 + 37.8 
22 — 6.5 12.0 7.4 


+130.0 +193.0 +250.0 +288.0 +522.0 


— 63.7 + 2.4 + 36.4 + 61.8 + 61.1 
_ 80.4 6.9 4.7 8.5 


+128.0 +172.0 +147.0 +428.0 +448.0 


— 47.6 + 13.3 + 34.4 + 60.9 + 51.3 
- 12.9 4.3 7.0 8.7 


+ 12.0 + 20.0 +167.0 +177.0 +766.0 


, — 17.6 + 24.1 + 50.6 + 73.1 + 93.5 
_- 0.8 3.3 2.4 8.2 


+ 92.0 +138.0 +194.0 +520.0 +659.0 


— 64+ 3.2 + 40.9 + 848 + 71.7 
43.1 4.7 6.1 9.2 


the degree to which the balance is influ- 
enced by the intake, a steep line reflecting 
more efficient utilization than a flat line. 
In plan I the steepest slope occurred during 
period 2 as anabolism became well estab- 
lished. The slopes of the regression lines of 
periods 3 and 4 progressively diminished, 
and these lines were significantly curvilin- 
ear. An intake greater than 140 milli- 
equivalents per square meter resulted in 


Patient Level of —_‘Inter- Patient ‘Level of Patient Level of ——‘Inter- 
(order) intake action (order) intake action (order) intake action ae 
N.S. 4.50* N.S. N.S. 14.25¢ 7.78* N.S. NS. 5.37* 
N.S. N.S. N.S. N.S. 37.34¢ $.12° N.S. 6.74* N.S. 
N.S. N.S. 17.69t N.S. N.S. NS. N.S. N.S. NS. 
4 N.S. N.S. 19.18t NS. N.S. NS. 8.82t NS. 6.46* 
NS. 9.84% NS. NS. 16.62 NS. NS. 38.79¢  5.39° 
Ye 
tient ratio 7 2 3 4 ma Lara 
Pair 1 ong 
35 K balance, 
— N balance, 
K:N a 
36 K balance, 
N balance, 
K:N 
Pair 2 
37 K balance, 
N balance, 
gm./m? 
K:N 
38 K balance, 
mEq./m? 
N balance, me 
K:N 
Pair 3 
39 K balance, 
mEq./mn? 
N balance, 
gm./m.? 
K:N 
40 K balance, ate 
mEq./n? 
N balance, 
K:N 
ir 2. 
milli- 
1 158 
yds 1 
were 
two 
> due : 
ntra- 
ir 2. 
milli- 
was 


272 Surgery, Gynecology ¢> Obstetrics - March 1961 


$3388 


+ 


K Bal. mEq/m2 
K Bal. mEq/m2 


e 


8 3 


y*-20 +0.23ilx 


40 80 120 160 200 240 
K Intake mEq/m2 


120 160 200 
K Intake mEq/m2 


K Bal. mEq/m? 


PERIOD 3 PERIOD 4 


y*i0 40.4283 
x* 23 


y**0.0616x 


K Bal.mEq/m? 
K Bal.mEq/m2 


160 200 240 40 880 
Intake mEq/m2 


Fic. 12. 


yt +0.16I7x 
a*-T70 


120 160 200 
K Intake mEq/m2 


Fic. 12. Regression lines of average daily potassium balances on intake of the patients in plan II. 
The points represent average balances on each level of intake calculated from the balances of the 
2 patients who received that level. The lines of periods 1, 2, and 4 are significantly linear. 

Fic. 13. Regression lines of average daily potassium balances on intake of controls in plan II. 
The points represent average balances on each level of intake calculated from the balances of the 
2 controls who received that level. The line is significantly linear. 


little change in the balance. Similarly the 
flat slopes during periods 3 and 4 of plan II 


suggest that the balance would change very 
little over a wide range of intakes. The slopes 
of the regression lines of the controls of both 
plans were not only significantly steeper 
than for any patient-period, but were also 
significantly linear. An increasingly positive 
balance resulted from each increase in in- 
take, indicating that the balances of the 
controls were more sensitive to the intake 
and that they were able to utilize the potas- 
sium much more efficiently than the pa- 
tients during any period. 

The potassium requirements for equilibri- 
um assume greater interest when considered 
in their relationship to the nitrogen require- 
ments. Nitrogen cannot be effectively uti- 
lized unless potassium is given simultane- 
ously. The ratio of the requirements for 
equilibrium of these elements may serve as 
a guide for the amount of potassium to 
administer with nitrogen when an adequate 
intake of natural foods cannot be given. 
From the data of the first 3 periods of plan I 


and the first 2 periods of plan II it appears 
that approximately 6 milliequivalents of 
potassium per gram of nitrogen would be 
required at equilibrium (Table XI). This 
is similar to the ratio in an average diet 
but is less than the ratio of 8:1 given in this 
study. It agrees closely with Frost and 
Smith who found that debilitated surgical 
patients required a ratio “‘which exceeded” 
5:1 for optimum utilization of nitrogen ad- 
ministered intravenously. However, the 
studies of Cannon and associates in re- 
pleting protein-depleted rats suggest that 
there is a level of potassium beyond which 
the effective utilization of nitrogen is not 
enhanced. The potassium to nitrogen ratio 
of the x-intercepts of the patients in plan I 
during period 4 and of the controls of both 
plans was between 4:1 and 5:1. Apparently, 
a smaller ratio is required for equilibrium 
by patients during late convalescence from 
a burn and by normal controls than by indi- 
viduals in early convalescence. When an 
adequate oral intake can be maintained, 
the potassium to nitrogen ratio is of little 
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concern because of the abundance of potas- 
sium normally occurring in food. However, 
if the intravenous route is the sole method of 
administering nutrients, one should strive 
for at least the 5:1 or 6:1 ratio. Also, if 
normal subjects are to be observed while 
receiving a synthetic diet, a potassium to 
nitrogen ratio of 4:1 would probably be 
adequate. 


SUMMARY 


Potassium balances were measured in 11 
burned patients during four 10 day periods. 
The periods represented the acute catabolic 
phase, the late catabolic phase, the anabolic 
phase, and the late convalescent phase. The 
intake furnished 3,500 total calories per 
square meter and levels of potassium rang- 
ing from 27 to 232 milliequivalents per 
square meter. Each patient was given the 
levels of potassium in a different sequence. 
Eleven controls were observed on an intake 
identical to that of the patients. 

Seven of the 11 patients had a positive 
potassium balance during period 1. The 
patients stored increasing amounts of potas- 
sium during the successive periods, but the 
controls showed more positive balances than 
the patients during period 4. Potassium and 
nitrogen were stored in a ratio higher than 
protoplasm in 10 of the 11 patients. 

Regression lines of the potassium bal- 


ances on the intake showed that the require- 
ments for equilibrium decreased as the 
postburn course progressed. The require- 
ment of the controls agreed closely with 
that of the patients during period 4. The 
y-intercepts, the balance on zero intake, 
also decreased in the successive periods. 
The regression lines of periods 3 and 4 in 
plan I were significantly curvilinear; an in- 
take above 140 milliequivalents per square 
meter caused little increase in the positivity 
of the balances. 

The ratio of the x-intercepts of the potas- 
sium and nitrogen regression lines suggests 
that during periods 1, 2, and 3 a potassium 
to nitrogen ratio of 6:1 in the intake will 
result in the most efficient utilization of the 
elements at equilibrium. A ratio of 4:1 in 
the intake was required by the patients 
during period 4 and by the controls. 
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RESPONSE TO FLUID THERAPY AND TISSUE 
ELECTROLYTE CHANGES IN SCALDED 
AND FLASH BURNED MONKEYS 


CHARLES L. FOX, JR., M.D., and SIGMUND E. LASKER, M.S., New York, New York 


AN INITIAL FLUID THERAPY Of extensive burns 
was formulated by Evans and coworkers on 
the basis of a reduction in plasma volume in 
dogs after second degree burns (5) and after 
trials of various combinations of fluids in pa- 
tients (8, 9). The metabolism of sodium salt 
solutions in burned patients was investigated 
by Davidson and subsequently by Fox and 
coworkers (10, 13) on the basis of chemo- 
therapeutic studies in animals by Rosenthal 
and Tabor. Berman and his associates (3, 4) 
tried sodium solutions by hypodermoclysis 
into the burn tissues in a small number of ani- 
mals and patients. Extensive clinical trials of 
sodium salt solutions were conducted subse- 
quently in Peru by Markley and coworkers. 
The addition of whole blood to initial fluid 
therapy was advocated by Moyer and associ- 
ates (23) after limited observations in dogs 
and by Evans and Bigger after trial in pa- 
tients (8). The Brooke Army Medical Cen- 
ter group, as represented by Reiss and associ- 
ates, proposed a modified formula including 
blood, dextran, and balanced sodium salt 
solutions. In his recent book, Moore (19) 
prefers the use of plasma, reverting to an 
earlier recommendation by Beard and Bla- 
lock who found protein in the supernatant 
fluid after centrifugation of a block of ex- 
cised, burned tissues of dogs. The presence of 
protein from burned tissue cells was not men- 
tioned. A review and appraisal of much of 
the investigative work has been published 
recently by Fox and associates (12). Although 
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many investigators have published regimens 
of therapy with illustrative case reports, de- 
finitive, statistically significant data attesting 
to the value of their therapeutic recommen- 
dations are lacking. Thus, Moyer stated, “I 
am fairly well convinced that we still cannot 
define the requirements of the burned person 
for colloid, blood, or saline”’ (21). 

In view of the several formulas utilized 
with varying degrees of clinical judgment, it 
is not surprising that Moyer (22) believes 
there has been no advance in therapy since 
1905, and two thorough surveys have em- 
phasized the scant improvement in mortality 
rates in the past 15 years. Indeed, Blocker 
described a patient with over 85 per cent 
full thickness burn who survived with no 
significant therapy until hospitalized on the 
eleventh day after the burn. Research on 
burns has been hampered by the following 
limitations: (1) In clinical trials no untreated 
control is possible; (2) patients vary tre- 
mendously in terms of depth, extent, and 
location of burns and their age and general 
health; and (3) most of the animal work has 
utilized scald burns, portions of which were 
only partial thickness, and in some the dam- 
age was far in excess of that commonly seen 
in extensive thermal burns in patients, as 
pointed out by Raker and Rovit. 

Because the majority of fatal burns in man 
are caused by flame, not scalds, and inas- 
much as Whipple has emphasized that the 
big problems are extensive full thickness 
burns, flash burns of this depth were stand- 
ardized and compared with standardized 
full thickness scalds. This comparison in- 
cludes not only the fluid and electrolyte 
changes in skin, muscle, blood, and urine 
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but, most important, also the different re- 
sponse of each type of burn to the three regi- 
mens of fluid therapy: (a) blood, (b) colloid, 
and (c) electrolyte solution alone. Instead of 
rodents, dogs, or goats, the monkey was 
utilized because it is phylogenetically related 
to man and its relatively large size facilitates 
more exact clinical observation. 


METHODS AND PROCEDURES 


Macaca mulatta and Macaca irus mon- 
keys of both sexes weighing from 2 to 6 kilo- 
grams were observed for several days to 
several weeks in the laboratory. The animals 
were fed a diet of fruits and purina monkey 
chow and appeared in good health before 
being used. They were housed individually 
indoors in large dog cages and some were 
maintained in a laboratory colony for 1 to 3 
years. To minimize excitement the animals 
were removed from their cages with little 
agitation, by a net inserted through a sliding 
door which replaced temporarily, the hinged 
door. The monkeys were restrained, closely 
clipped, and secured on a frame. 

Polyethylene catheters were inserted into 
a popliteal vein under procaine infiltration 
anesthesia. Each animal was then placed 
under general anesthesia with ether or fluo- 
thane which was maintained while the burn 
was produced. Upon rapid recovery from the 
surgical anesthesia, the animals demon- 
strated no manifestation of pain and each 
eagerly ate a piece of orange or banana. The 
absence of pain after these full thickness 
burns which apparently cut off sensory im- 
pulses may be surprising because everyone 
knows that a superficial burn is exquisitely 
painful. However, as stated by Beecher 
“... in the minds of too many physicians, 
the presence of a severe injury or burn is all 
the indication needed for the injection of a 
large dose of morphine or other analgesic 
agent. This may not only be unnecessary but 
can be, in fact, a dangerous error.” The in- 
jured animals were treated as are patients in 
hospitals by the exposure technique. Sanitary 
conditions were maintained to promote op- 
mal healing and minimize burn infection. 


In the first few days postburn, no obvious 
wound infection appeared; surviving animals 
were sacrificed painlessly upon the appear- 
ance of wound infection. During the summer 
months the injured animals were caged in an 
air conditioned laboratory. 

Minimal thermal trauma for full thickness burn 
and minimal surface involvement for fatal injury. 
It was necessary first to ascertain in monkeys 
the minimal thermal trauma which would 
produce a full thickness burn. Segments of 
the limbs or trunk were scalded for varying 
periods of time in water ranging from 60 to 
85 degrees C. or flash burned by ignition of 
50 to 150 grams of magnesium powder at 
distances ranging from 10 to 30 centimeters. 
The resulting nonfatal lesions were observed 
for several weeks to determine the thermal 
trauma capable of injuring all layers of the 
dermis so that regeneration could not occur. 

Experiments were performed next to ascer- 
tain the smallest area of body surface which 
exposed to either of these minimal burns re- 
sulted in early death, within 24 hours, of 
most of the animals. Surface area was esti- 
mated by direct planimetry of excised skin. 

Scald burns. A 30 gallon insulated water 
bath was thermostated at 0.1 degree C. and 
stirred vigorously. Localized scalds at 85 de- 
grees C. for 30 seconds caused necrosis of all 
layers of the skin, and after 10 days extension 
into muscle to the depth of bone became 
apparent. When this scald involved the trunk 
and two extremities, the animals died within 
10 hours without reacting from the anes- 
thesia. The water temperature was reduced 
to 75 degrees C.; immersion for 5 seconds 
caused minimal injury, but immersion for 
10 or 15 seconds resulted in necrosis of skin 
obvious 7 to 10 days later. These scalds were 
then utilized to obtain a rapidly fatal injury. 
Immersion to the level of the xyphoid an- 
teriorly and the angle of the scapulas posteri- 
orly, with the genitalia protected by insula- 
tion, exposed 55 per cent of the body surface 
area. After 10 seconds at 75 degrees C. 4 
monkeys survived for 2, 5, 8, and 10 days, 
respectively, with no fluid therapy; 4 mon- 
keys received dextran and electrolyte solu- 
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tion or electrolyte solution alone and sur- 
vived 2, 3, 4, and 10 days, respectively, i.e., 
no prolongation of survival was achieved. 
Apparently a more severe injury causing 
high mortality within 24 hours is essential to 
demonstrate prolongation of survival with 
fluid therapy. Accordingly, the duration of 
immersion at 75 degrees C. was extended to 
15 seconds; the monkeys reacted rapidly 
from the anesthesia and were active without 
manifestation of pain; survival time was 
shortened to approximately 12 hours. With 
this injury it was possible to demonstrate 
prolongation of survival with fluid therapy. 

Flash burns. These parameters were deter- 
mined for flash burns performed in a flame- 
proof chamber with the roof open. Each 
monkey was secured in full extension to a 
rectangular aluminum frame, anesthetized 
with fluothane,' and positioned on its side 
with the sagittal plane parallel to a steel tray 
15 centimeters in length. The depth of the 
burn was controlled by (1) the distance be- 
tween the animal and the tray, and (2) the 
amount of magnesium powder ignited. The 
surface area exposed was regulated by the 
aperture formed by flameproof partitions. 
The requisite amount of magnesium powder? 
was spread in the tray and ignited electri- 
cally by remote control. Ignition of less than 
150 grams of magnesium powder at dis- 
tances greater than 10 centimeters resulted 
in only irregular, superficial charring of the 
skin. Ignition of 150 grams of powder at a 
distance of 10 centimeters above and distal 
to the tray caused generalized formation of 
steam blebs and slight charring of the ex- 
posed skin with conspicuous loss of elasticity. 
Complete destruction of the skin with no 
regeneration became apparent within 7 to 
14 days. To obtain a high early mortality, 
this burn was applied sequentially to both 
the anterior and posterior trunk from the 
midchest to the symphysis and from the 
scapulas to the coccyx, a total area approxi- 

1Fluothane [2-homo-2-chloro 1:1:1: trifluoroethane] is non- 

ble and induction is rapid and smooth. 

package in 30 gram fontaine’ The general 


utilized here was similar to that developed by Pearse and 
associates (28). 


mating 25 per cent of the body surface. The 
monkeys reacted from the anesthesia within 
a few minutes and were highly active with- 
out manifestations of pain either spontane- 
ously or when the burned areas were touched; 
survival time was approximately 24 hours, 

Minimal lethal scald versus minimal lethal 

flash burns in untreated animals. Our numerous 
preliminary experiments showed the neces- 
sity of exposing sufficient area of body sur- 
face to the thermal trauma to cause a 
uniformly high mortality; less extensively 
burned animals survived with no therapy. 
It cannot be overemphasized that, unless 
the burn trauma results in a high early 
mortality in control groups, small variations 
in the response of the animal or in the 
degree of trauma permit untreated animals 
to survive for several days, and evaluation 
of therapy is impossible. In the case of flash 
burns, those control animals which survived 
36 to 48 hours or longer with no therapy had 
burns similar to those of other monkeys dying 
within approximately 20 hours. Less than 
half the flash burned control animals suc- 
cumbed within 12 hours. This is in marked 
contrast to the experience with the scald 
burn which proved lethal within a few 
hours (Table I) in untreated animals. Each 
type of burn represented the minimal ther- 
mal trauma needed to produce high early 
mortality with full-thickness* dermal injury; 
nevertheless, the flash burns were lethal 
later, in 12 to 24 hours, with approximately 
one-half the surface burn needed to obtain 
high early mortality after scalds in untreated 
animals. 

Appearance of the burns. The scald at 75 de- 
grees C. initially produces paleness and 
blanching of the skin. There is loss of elas- 
ticity, and subcutaneous edema forms gradu- 
ally during the succeeding several hours. The 
appearance of the flash burn is different. The 
brief 0.7 second exposure to heat over 1,000 
degrees C. causes slight charring, and steam 
blebs form as water is driven rapidly out of 
the skin. The general appearance is dark 
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brown, with loss of elasticity. Only slight 
edema, mostly in the underlying muscle, 
develops under the skin that is burned, but 
slight edema appears in the contiguous un- 
burned skin. 

With both forms of trauma, complete 
necrosis of the thinner anterior abdominal 
skin occurred within 3 to 7 days; this was 
especially marked if the extremities were held 
flexed against the torso, keeping the surface 
warm and moist. In contrast, the burned 
thicker dorsal skin, kept dry and cool, evolved 
into a hard, black, adherent eschar which 
did not usually separate before the animal 
died. In instances of prolonged survival, this 
eschar separated in 10 to 20 days and thin, 
pearly epithelium devoid of hair follicles re- 
surfaced the back. 

Intravenous fluid therapy. Therapy was begun 
1 to2 hours after the burn. The total was 150 
milliliters per kilogram of body weight; two- 
thirds were given during the first 4 hours and 
the remaining one-third 20 hours later. Ani- 
mals that survived less than 24 hours re- 
ceived 100 milliliters per kilogram of body 
weight. In terms of surface area, the total 
fluid therapy, with no dextrose in water, 
ranged from 2.7 milliliters per per cent of 
scalded area to 6.0 milliliters per per cent of 
flash burned area per kilogram of body 
weight. The blood or colloid given ranged 
per kilogram of body weight from 0.75 milli- 
liter after scald to 1.5 milliliters after flash 
per per cent of burn; these amounts are 
between the Evans (9) and the Brooke Army 
formulas (26). 

Composition of solutions used in therapy. The 
electrolyte solution used, Ringer’s lactate, 
has this composition in milliequivalents per 
liter: Na 130, K 4, Ca 3, Cl 108, HCO; 28, 
as lactate. Dextran solution contained 6 per 
cent dextran, molecular weight 68,000, dis- 
solved in a balanced electrolyte solution 
which contained in milliequivalents per 
liter: Na 140, K 5, Ca 5, Mg 3, Cl 103, 
acetate 47, and citrate 8. Whole blood was 
obtained freshly from normal macaque mon- 
keys with hematocrit of 40 per cent; heparin 
was used as an anticoagulant. No saline or 


TABLE I.—DISTRIBUTION OF MORTALITY AND EF- 
FECT OF THERAPY ON SURVIVAL OF MONKEYS 
AFTER SCALD OR FLASH BURNS 

Interval No therapy Dextran Blood Sodium All therapy 
after burn —(Mortality at each time interval). (Averaged) 


STANDARDIZED SCALD AT 75 DEGREES C, 


0-12 hrs. 6 2 
13-24 hrs. 2 1 
Day 2 1 3 
Day 3 
Day 4 
Day 5, 6 2 
Day 7, 8 1 1 
9 9 ? 12 29* 
Average 
survival, days 0.51 3.14 3.46 2.40 2.8 
Standard 
deviation +047 £2.41 £2.21 41.15 +2.05 
STANDARDIZED FLASH BURN, 150 Gm. 
—____MAGNESIUM, AT 10 CM. DISTANCE______ 
0-12 hrs. 1 1 
13-24 hrs. 1 3 
Day 2 1 3 
Day 3 1 1 
Day 4 
Day 5, 6 
Day 7 1* 
26 4* 8 20* 
Average 
survival, days 0.98 1.50 1.64 1.22 1.45 
Standard 
deviation 41.50 +£1.15 40.96 +1.00 +1.04 
and 1 flash burned survived 7 days; these not included in aver- 
ages. 
¢ following flash burned mo: rvi more than 8 2 
con 8; treated with 3 each; 
ty. 


electrol 2. None are included in averages of acute burn mortali 
See heading “Results.” 


dextrose in water was administered. The 
monkeys had access to water and drank 
small amounts of orange juice as desired, 10 
milliliters of which contained 0.5 milli- 
equivalent of potassium. These amounts of 
potassium, like that in plasma, are harmless; 
larger amounts of potassium in a solution 
containing 140 milliequivalents per liter of 
sodium proved to be without toxicity in 
tourniquet shock which is known to be espe- 
cially sensitive to injected potassium. 

Blood samples of 1.0 milliliter were drawn 
from a femoral vein before injury, 1 and 4 
hours postburn, after the completion of intra- 
venous therapy, and at daily intervals during 
survival. 

Tissues were taken for pathologic section 
at autopsy soon after death, and for chemi- 
cal analysis by procedures described previ- 
ously by Fox and associates (11, 14). Sodium 
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and potassium analyses were performed by 
means of the internal standard flame pho- 
tometer designed by the Fox. 

Body temperature was measured rectally 
with a thermistor, and body weight was 
registered preburn and daily postburn. 


RESULTS 


Comparison of scald and flash burns and effects 
of fluid therapy. The results are summarized in 
Table I. After the scald, untreated monkeys 
survived for an average of 0.51 days. Ani- 
mals, similarly scalded and treated with 
whole blood plus electrolyte survived 3.22 
days. Therapy with dextran plus electrolyte 
solution prolonged survival to 3.14 days, and 
treatment with the electrolyte solution only 
prolonged survival to 2.40 days. When ad- 
ministered orally, which data are not in- 
cluded in the table, electrolyte solution pro- 
longed survival to 2.50 days in 3 animals; 
half strength electrolyte solution prolonged 
survival to 2.42 days +0.59 in 3 animals. 
These results after scald burns are similar to 
the findings of other investigators and dem- 
onstrate that fluid therapy prolonged sur- 
vival; by the fourth day, however, the mor- 
tality approached that of controls. At this 
time the dangerous surface consequences of 
thermal injury—tissue necrosis, slough, and 
infection—are not yet apparent. 

Quite different results were obtained with 
the flash burn. The average survival time of 
26 untreated monkeys was 0.98 days +1.50. 
This is approximately twice the survival 
time of untreated scalded monkeys. Fluid 
therapy was tested in 21 monkeys and, as 
shown in Table I, survival time with all 
three forms of therapy averaged 1.45 days 
+1.04. Eight additional untreated controls 
and 8 treated animals survived more than 8 
days and are not included in the acute mor- 
tality statistics. These eight controls survived 
respectively: 9, 9, 16, 18, 20, 23, 25, and 
more than 90 days. The treated animals 
survived as follows: 4 animals between 8 
to 9 days, 1 animal 10 days, and 3 ani- 
mals more than 90 days. The conditions of 
the burn, the area and general appearance 


of the burned tissues, and the blood and 
urine chemistries were similar during the 
first week to those of animals with shorter 
survival times. One animal in error received 
dextran only, 100 milliliters per kilogram 
and died with acute pulmonary edema. It 
is clear that the schedules of fluid therapy 
which prolong survival after scalds do not 
similarily prolong survival after flash burns. 
In an effort to explain these results, tissue 
analyses were performed. 

Comparison of electrolyte and water changes in 
skin and muscle of scald burned and flash burned 
monkeys. These analyses were performed to 
determine the shifts of fluid into burned 
tissues and to appraise the consequences of 
fluid therapy. The “‘skin” samples excised 
from the scalded region at autopsy consisted 
of subcutaneous tissue and an adherent 
gelatinous exudate as well as dermis. The un- 
burned skin samples permitted a clean sep- 
aration of ‘“‘skin” from the underlying tissue. 
In the flash burned animals, a clean separa- 
tion of ‘“‘skin” could be obtained inasmuch 
as there was less edema and no adherent 
exudate. Muscle samples consisted of burned 
muscle—rectus abdominis, latissimus dorsi, 
and rectus femoris muscles under the burned 
area—unburned deltoid muscle excised from 
the same animal at the time of death, and 
control samples of muscle excised from nor- 
mal animals. The data are summarized in 
Table II. 

After scald injury, the water and sodium 
content of burned skin and muscle increased; 
but in the unburned tissues, these concen- 
trations and that of chloride decreased by 
almost one-half.‘ 

After flash burn, in direct contrast, the 
water and chloride content of burned skin 
were decreased markedly and sodium de- 
clined slightly. The underlying muscle, how- 
ever, gained considerable water, sodium, 
and chloride and lost potassium. In further 
contrast to the scald injury, unburned skin 


‘In these extensive scalds, the influx of fluid and electrolyte 
drawn from uninjured tissues is distributed over a far larger 
area than after localized burns; hence the increment per gram 
of tissue is much less (13). Because of this paradox, earlier esti- 
mates of fluid requirements made by extrapolation from 4 
burn of limited area are grossly erroneous. 
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TABLE II.—COMPARISON OF ELECTROLYTE AND WATER CHANGES IN SKIN AND MUSCLE OF SCALD AND 
FLASH BURNED MONKEYS 


Water content 


Sodium Chloride Potassium 


Gms./100 gm. dry weight 


Unburned Burned Unburned 


mEq./100 gm. fat free dry weight. 
Burned Unburned Burned Unburned Burned 


Normal values 193421 2544.0 2443.4 9+2.4 

No scald 163416 256465 1343.5 20447 17 £29 23401 1243.0 13 + 42 
therapy flash 264471 87449 30+ 9.0 20+ 40 19 +9 7343.0 10420 9.44 6 
Average scald 222445 380462 2+ 48 Mt 47 16 £35 2948.7 Mt41 14 + 3.8 
therapy* \flash 266438 106446 294114 244106 26 +33 M429 14431 441.9 

MUSCLE. 

Normal values 306+9 1942.4 1745.7 4043.7 

No scald 341457 306411 144 22+13 6945.3 1449.5 42429 41 + 1.2 
therapy flash 358424 379452 164 58+22 13 £3.0 36413 4745 27 + 7.0 
Average {scald 301422 441455 164 24+ 7.2 12 £26 21439 4543.2 41 + 3.9 
therapy* {flash 357426 307459 19+ 63+25.2 16 $4.3 34410.9 4643.4 26 +104 


~*Animals died at various times after i Sobers cond results are averaged. 
Values italicized are significantly 


and muscle were essentially unchanged in 
harmony with the limited influx into the 
burned regions. These chemical alterations 
are to be expected by virtue of the intense 
but brief heat from the flash and the pro- 
longed heating at lower temperature by the 
scald. 

After fluid therapy, changes in tissue com- 
position depended upon the type of trauma. 
Scalded skin and muscle both acquired large 
amounts of water and sodium and some 
chloride from the infusions. In contrast, flash 
burned skin which had become dry and in- 
elastic with no edema apparent, gained a 
little water and lost potassium. The under- 
lying muscle, however, gained considerable 
water, sodium, and chloride and lost potas- 
sium. These electrolyte changes are signifi- 
cantly greater than in comparable muscle 
after scalds. The unburned tissues reflected 
these different results. Unburned skin and 
muscle of the scalded monkeys showed pro- 
nounced decrease in sodium and chloride 
which were not restored to normal by fluid 
therapy. The water content, moreover, was 
replaced above normal and potassium was 
increased slightly. The results in flash burned 
monkeys are again different; unburned skin 
and muscle, which had not experienced any 
significant loss of electrolyte, showed only 
slight gains in electrolyte after fluid therapy. 

Changes in blood and urine chemistry. The 
changes in chemistry of plasma and urine in 


burned patients depend upon the effects of 
the injury and the fluid therapy utilized. 
Although control samples are taken early, 
the preburn values are unknown. In this 
study, preburn control values were obtained 
so that valid comparisons are possible. Fur- 
thermore, in normal subjects and especially 
in relatively oliguric traumatized subjects, 
plasma carbon dioxide will be lowered 
markedly by dilution after administration of 
saline or dextrose in water, since neither 
solution contains bicarbonate; plasma so- 
dium will be lowered also, depending upon 
the amount and proportions of each solution 
utilized. It should be emphasized that in this 
study all postburn fluid therapy consisted of 
electrolyte solutions with composition similar 
to extracellular fluid plus added blood or 6 
per cent dextran prepared in this solution. 
The potential bicarbonate concentration of 
the solutions administered were 8 or more 
milliequivalents higher than the preburn 
control values of 16 to 20 milliequivalents 
per liter; this would contribute to maintain- 
ing the concentration observed after therapy 
in contrast to infusions of saline or dextrose 
in water which lower plasma bicarbonate. 
The control values and those obtained at 
each time interval have been averaged for 
both types of burn and the results are shown 
in Tables III and IV. The most striking re- 
sults are the narrow range of variation of the 
values, the absence of hyperpotassemia, and 
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TABLE III.—BLOOD CHEMISTRY CHANGES AFTER 
STANDARDIZED SCALDS (AVERAGE VALUES) 


Pro. Na Cl COz K 
Hert. — gm. (milliequivalents Urea N 
per cent percent —_per liter) mgm./100 ml. 
—______NO THERAPY—CONTROL MONKEYS_____ 
Preburn 40.3 6.9 147 109 19.4 5.2 15 


Postburn: 
1- 2hrs. 55.0 8.3 143 106 20 7.6 37 
4- 6hrs. 53.5 6.7 146 103 15 8.1 14 


12-24 hrs, 53.0 5.4 138 100 19 7.2 36 


———TREATMENT WITH ELECTROLYTE SOLUTION 
Preburn 37.4 7.0 147 107 24 4.7 18 


Postburn: 
1-2 hrs. 45.8 * 144 106 17 6.2 
4-6 hrs. 36.9 J 143 106 


Postinfusion: 

6-12 hrs. 43.0 . 143 106 
12-24 hrs, 40.7 141 102 
1- 2days 38.8 ; 138 102 
2- 3days 35.1 $ 136 102 
3- 4days 26.8 : 138 105 
4+ days 18.8 141 110 


— TREATMENT WITH DEXTRAN AND ELECTROLYTE. 
Preburn 35.0 74 146 


Postburn: 
1- 2hrs. 43.0 7.1 145 
4- 6hrs. 32.2 7.2 141 
6-12 hrs. 32.4 5.1 141 

12-24 hrs. 35.0 4.8 137 
1- 2days 34.0 5.0 135 
2- 3 days 32.0 55 131 
3- 4 days §.2 135 
4+ days 26.0 139 


——TREATMENT WITH BLOOD AND ELECTROLYTE 
Preburn 36.4 6.9 150 


Postburn: 
1- 2hrs. 47.2 7 148 
4- 6hrs. 48.2 5.8 153 
6-12 hrs. 51.2 5.5 145 

12-24 hrs. 53.1 48 139 
1- 2days 38.7 4.7 139 
2- 3days 44.1 4.3 138 
3- 4days 46.3 4.8 137 


no marked lowering of plasma carbon diox- 
ide and sodium. 

Hematocrit. The packed red cell volume 
was increased up to 25 per cent above the 
control value 1 hour after the scald or flash 
burn and remained elevated for 12 to 24 
hours in the untreated animals. Therapy with 
whole blood plus electrolyte solution main- 
tained the elevated hematocrit. Therapy 
with dextran and electrolyte solution reduced 
the hematocrit to below the control value, 
but later the hematocrit returned to the con- 
trol value and this level was maintained. Af- 
ter the balanced electrolyte solution the ele- 
vated hematocrit was reduced temporarily 


but soon rose to above the control and fell 
gradually to below the control value 4 days 
later. Therapy with isotonic or one-half iso- 
tonic electrolyte solution administered orally 
also reduced the elevated hematocrit after 
the burn to a value still above the control 
level. After flash burns the increase in hema- 
tocrit up to 25 per cent above the preburn 
values was one of the most consistent changes 
observed. The hematocrit in control ani- 
mals spontaneously decreased and the 
changes that followed fluid therapy are 
closely similar to those already described. 

Plasma protein. One hour after scalding, the 
total plasma protein concentration in con- 
trols rose 10 per cent above the control value 
and at 24 hours, when there were only 2 
survivors, fell to 22 per cent below the con- 
trol level. Therapy with blood produced a 
transient rise and a fall at twenty-four hours 
to 30 per cent below the control value and 
no further decrease during the next 3 days 
that this group survived. Therapy with both 
dextran and balanced electrolyte solution 
schedules produced a 10 to 25 per cent de- 
crease in plasma protein concentration that 
was sustained. 

The changes after flash burn were similar; 
initially the general trend to concentrations 
above preburn values was a consistent find- 
ing. After fluid therapy substantial decreases 
in the succeeding days occurred. The prompt 
rise in concentration after either injury indi- 
cates shift of relatively more fluid than plasma 
protein out of the vascular compartment. 
Beard and Blalock also noted this change. 

Urea. Twenty-four hours after either injury 
the plasma urea concentration increased 2 
to 3 fold in the untreated and treated groups. 
These values remained elevated or increased 
further for the next 2 days. The largest incre- 
ments occurred in monkeys with relatively 
low control values; one value exceeded 53 
milligrams per cent and this value repre- 
sented only a one-third increase over the 
preburn control value. Although death from 
thermal burns is often attributed to renal 
failure, this did not occur in either the late 
deaths or the untreated animals. 
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Urine output and composition. Sodium and 
chloride retention occurred consistently after 
the burn, and the low control concentra- 
tions often decreased further to under 10 
milliequivalents per liter. The concentration 
of potassium in the urine rose after the burns 
from 30 to 120 milliequivalenis per liter and 
the daily excretion, in the face of greatly 
reduced intake, represented a negative bal- 
ance of 2 to 6 milliequivalents daily. The 
volume of urine decreased sharply the first 
day but rose to one-third to one-half normal 
by the second day even in untreated animals 
that died a day or two later. The 24 hour 
volumes ranged subsequently from 8 to 50 
milliliters per kilogram and contained 0.5 to 
1.0 milliequivalent of sodium, 2 to 4 milli- 
equivalents of chloride, and 3 to 12 milli- 
equivalents of potassium. These values for 
sodium and chloride occurred after intakes 
of 3 to 5 milliequivalents in the infusions. 

Body temperature. Rectal temperature was 
not increased when measured within 2 min- 
utes after either injury.® During the first 4 
hours after the scald the temperature dropped 
at an average rate of 0.75 degree C. per hour, 
subsequently falling approximately 0.07 de- 
gree C. per hour while the animals survived. 
While therapy was being administered the 
average rate of fall was 0.4 degree C. per 
hour. After therapy the temperature of blood 
and electrolyte treated animals fell 0.04 de- 
gree C. per hour, while the temperature of 
untreated and dextran treated animals fell 
0.13 degree C. per hour. The fall in tem- 
perature after the flash burn was similar 
except in the group of monkeys which sur- 
vived. In this group the temperature did not 
decline below 35 degrees C. in the untreated 
nor below 37 degrees C. in those receiving 
fluid therapy. 


DISCUSSION 


_ This comparison of two types of burn in- 
jury contributes important information not 
available previously, and by virtue of the 


‘Two monkeys subjected to flash burn on a day when the 
environmental temperature was 34 degrees C. had rises in rectal 


temperature from 32 degrees C. to 40.5 d 


C. These 2 
died within 6 hours and are excl 


TABLE IV.—BLOOD CHEMISTRY CHANGES AFTER 
STANDARDIZED . FLASH BURNS (AVERAGE 
VALUES) 

Prot. Na Cl CO. K 
Hert. (milliequivalents Urea N 
per cent per cent —__per liter) mgm./100 ml. 
—_______NO THERAPY—CONTROL MONKEYS________ 
Preburn J 110 


Postburn: 
1- 2 hrs. 
4- 6 hrs. 
6-12 hrs. 
1- 2 days 
2- 3 days 
3- 4 days 
4— 6 days 


—— TREATMENT WITH ELECTROLYTE SOLUTION. 
Preburn 40.0 , 149 112 


Postburn: 
1- 2hrs. 46.6 152 109 
4-6hrs. 43.9 ¥ 150 112 
12-24 hrs. 41.0 Vv 148 107 
1- 2days 41.0 J 152 116 
2- 3days 35.6 143 115 
3- 4 days 30.0 147 109 18 


——TREATMENT WITH DEXTRAN AND ELECTROLYTE 
Preburn 37.9 7.2 150 111 19.6 3.3 23 


Postburn: 

1- 2hrs. 46.3 7.7 150 109 28 
4- 6hrs. 34.4 6.4 147 114 23 
12-24 hrs. 37.7 6.2 149 110 

1- 2days 33.6 6.0 148 117 

2- 3days 37.0 149 117 

3- 4days 32.3 48 144 112 


——TREATMENT WITH BLOOD AND ELECTROLYTE____ 
Preburn 39.4 7.5 148 110 . 25.9 


Postburn: 
1- 2hrs. 48.0 7.6 151 107 g 30 
6hrs. 49.9 6.1 152 112 29 
12-24 hrs. 57.0 6.2 160 122 ‘ 
1- 2days 48.5 6.3 162 119 . 52 
2- 3days 50.9 64 157 119 ‘ 38 
3- 4days 51.0 6.3 147 124 


use of the monkey the information may be 
more reasonably applicable to man. The 
flash burn experiments demonstrate the 
failure of any type of fluid therapy to prolong 
survival. Comparable studies of severe flash 
or flame burns are not available except for 
the unpublished comprehensive work of 
Walker and Dziemian who subjected goats 
to standardized third degree flame burns 
involving 65 per cent of the body surface 
area. Twelve untreated animals survived 
from 15 to 20 hours—average 18 hours; 6 
whole blood treated goats survived from 30 
to 36 hours—average 33 hours; and 6 plasma 
treated goats survived from 40 to 55 hours— 
average 48 hours. These early deaths oc- 
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curred despite therapy with blood or plasma 
approximating 20 milliliters per kilogram 
plus balanced salts solution approximating 
70 milliliters per kilogram which maintained 
blood volume and blood pressure near nor- 
mal levels and improved significantly the 
urinary excretion—average, 20 milliliters per 
kilogram postburn. 

In contrast to the scant benefit in flash or 
flame burns, fluid therapy of the scald burns 
was found to prolong survival so that mon- 
keys survived 1 to 4 days longer than the con- 
trols. It is noteworthy that addition of whole 
blood or dextran did not extend survival be- 
yond that with electrolyte solutions alone. 
Thus, scald experiments in monkeys, like 
those of Moyer and associates (23), Mc- 
Carthy, and Rosenthal and Tabor in dogs 
and rodents, provide no conclusive evidence 
for alleged superiority of blood or colloid in 
prolonging survival. The variations in the 
response to injury are so great and the effect 
of fluid therapy so limited that the experi- 
ments of Moyer and associates (23) or Mc- 
Carthy, which utilized but a few animals, 
do not validate their suggestions of any 
therapeutic superiority. In our experiments, 
the occasional prolongation of survival with 
blood was counterbalanced by frequent early 
death after its addition. The results in flame 
burned goats showed blood to be inferior to 
plasma. Furthermore, the suggested useful- 
ness of whole blood would seem to be vitiated 
by the finding of less red cell destruction in 
full thickness than in partial thickness burns, 
which may cause “‘sludging,” and by the 
minimal destruction of red cells in extremely 
severe scald burns. 

Our observations on the relatively meager 
efficacy of fluid therapy led us to re-evaluate 
the fluid and electrolyte shifts in the tissues 
inasmuch as these alterations are funda- 
mental in planning fluid therapy. The tissue 
analyses after flash burns do not indicate 
influx of water or salt into skin, although 
there is a gain of water and sodium and a 
loss of potassium from underlying muscle. 
These changes, however, differ markedly 
from the changes after scalds and do not 


demonstrate a need for massive fluid and 
electrolyte replacement. Thus, the thera- 
peutic response and the tissue analyses are 
consistent, in that edema-forming scalds at 
75 degrees C. produced an influx of fluid 
and water into burned skin, and replace- 
ment therapy prolonged survival. In contrast, 
nonedema-forming flash burns caused only 
slight fluid influx into unburned muscle, and 
fluid therapy did not prolong survival. Simi- 
lar values were found in nonedema-forming 
scalds produced at 95 degrees C. which are 
not amenable to fluid therapy. Moore and 
associates (20) analyzed human skin after 
flame burns and found only slightly more 
water, sodium, and chloride than in contra- 
lateral unburned skin. They estimated that 
a full thickness flame burn of 50 per cent 
of the adult body surface would absorb only 
the 35 milliequivalents of sodium in 234 
milliliters of saline. 

As pointed out previously (13), a dispro- 
portionately larger influx of water and 
sodium occurs in skin and underlying mus- 
cle when the scald at 70 to 75 degrees C. 
involves a limited area, such as a single ex- 
tremity, as compared with multiple burns 
involving most of the body surface. Further- 
more, regions such as an extremity or the face 
become more edematous than the back. 
Actually the volume of fluid loss which can 
accumulate in a single localized burn of 5 
to 10 per cent is closely similar to the total 
accumulation in multiple burns of 50 per 
cent or more which are potentially fatal. 
Previous investigators, from Beard and Bla- 
lock in 1931 to Moore in 1959 (19), have 
made the serious error of estimating fluid 
therapy requirements on the assumption 
that the fluid influx found in a localized 
burn occurs to the same proportionate 
degree in burns over an extensive area. 
Furthermore, in previous studies the scald 
utilized involved only one or both hind legs, 
and, like others, we analyzed the fluid and 
electrolyte shifts in hind legs after tourniquet 
trauma. It is fallacious to calculate fluid 
requirements for burns on this basis, inas- 
much as the sodium and water losses in 
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scalded hind legs are much less than after 
tourniquet trauma to both hind legs. 
Apparently other factors in addition to 
fluid and electrolyte shifts must cause the 
early deaths after flash burns and the slight- 
ly delayed deaths after scalds treated with 
fluids. For example, within a few minutes 
after burn injury, Dobson and Warner 
found cardiac output and liver blood flow 
reduced markedly before the reduction in 
plama volume which occurred 10 to 20 
minutes later. In additional studies in 8 
flah burned monkeys, the venous pressure 
within 20 to 60 minutes postburn was ele- 
vated 3 to 28 centimeters (average 12 centi- 
meters) above the preburn values. These 
elevations were enhanced after even small 
infusions. Discovery of the cause of this 
immediate circulatory depression and how 
to manage it may prove of far greater signi- 
ficance for truly effective therapy than any 
existing knowledge of burn shock. Research 
in this direction is in progress (15, 16). 
The dangers of excessive fluid adminis- 
tration in man are being detected more fre- 
quently; indeed, a recent review of fatal 
burn cases by the National Research Coun- 
cil emphasized the previously unrecognized 
findings of a high incidence of thrombo- 
embolic phenomena, pulmonary edema 
with membrane formation, urinary tract 
necrosis, and infection (24). These findings 
appear related to the increased viscosity of 
the blood in burns and dangerous overex- 
pansion of the circulation, especially by 
transfusions of blood and colloidal solutions. 
Inasmuch as valid control studies of fluid 
therapy in man are not feasible, it would 
seem reasonable to heed the implications of 
these results in monkeys. Accordingly, 
quantitation of fluid therapy appropriate 
to the type as well as the area of thermal 
injury might lessen tissue edema and mor- 
tality in the less extensive burns and lower 
over-all mortality.® The adoption of continu- 


‘Moyer states: ‘The greatest danger inherent in the routine 
use of the Evans formula is that of over-treatment. This is espe- 
cially true for thermal injuries involving less than 26 per cent of 


body surface. Most of these injuries require no specific fluid 
therapy” (21), 


ous monitoring of venous pressure, as pro- 
posed by the ad hoc committee of the 
National Research Council as a safety in- 
dex to fluid therapy, could help avoid 
excess. In addition, the value of fluids in 
preventing renal complications needs to be 
re-examined. 

These comparative studies emphasize the 
fallacy of the prevailing opinion that burns 
cause an influx of circulating fluid into tis- 
sues resulting in reduction of plasma volume 
and that fluid therapy compensates for these 
changes and results in recovery. The “fluid 
loss,” particularly in flash or flame burns, is 
far less than alleged and the recommended 
schedules of fluid therapy are of slight or 
transient value only; the true nature of the 
pathologic physiology of deep burns and an 
effective therapy await discovery. 


SUMMARY 


To evaluate regimens of fluid therapy 
used generally in extensive burns, full thick- 
ness scald and flash burns were standardized 
in monkeys and compared in terms of (1) 
response to fluid therapy, (2) changes in 
tissue electrolytes and water, and (3) altera- 
tions in blood and urine. Regimens of fluid 
therapy which prolonged survival after 
scalds were ineffective after flash burns. 
Analyses of tissues, blood, and urine re- 
vealed alterations which account in part for 
the limited benefits of and different response 
to fluid therapy. The study emphasizes that 
the true nature of the pathologic physiology 
of deep burns and an effective therapy await 
discovery. 
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with | AN EXPERIMENTAL METHOD FOR LOCALIZING 
aee | THE SOURCE OF INTESTINAL BLEEDING 
1p , WILLIAM V. HEALEY, M.D., New York, New York, ROBERT C. RIGGINS, B.A., 

a- 
wie RICHARD L. WHITE, M.D., DAVID V. HABIF, M.D., F.A.C.S., and 
att | WELLINGTON B. STEWART, M.D., Lexington, Kentucky 
en Lesions which bleed into the gastrointestinal _ MATERIALS AND METHODS 
: tract are usually diagnosed by roentgeno- A modification of the techniques of Molli- 
mass graphic studies. There are instances, how- _son and associates for labelling erythrocytes 
SHAN, ever, in which the source of bleeding cannot __ was used. Radioactive phosphorus (P**) was 
oe be determined even when all available the isotope chosen because of its high energy 
dogs. methods are employed. In a review of 2,011 beta emission—1.7 million electron volts 
a of cases of hematemesis or melena, Jones re- | maximum—absence of gamma rays, and its 
1 hoc ported 392 patients in whom the site of convenient half-life—14.3 days. 
juries hemorrhage could not be determined. Others Dog erythrocytes were obtained from 50 
ter. have reported similar instances of failure to _ milliliters of blood freshly drawn into a 
Boo localize and we have had the same ex- syringe containing 0.5 milliliter of heparin. 
69. perience. All of the following procedures, except in- 
A Britt and associates have described an cubation, were performed at 4 degrees C. 
1309. experimental operative attempt to localize The blood was centrifuged for 30 minutes at 
— the source of bleeding. After cross clamping 3,000 revolutions per minute. Plasma and 
Surg., the aorta and injecting radioiodinated al- buffy coat were removed by suction and dis- 
EA bumin into the splanchnic flow, they held carded. The red cells were washed twice 
der to segments of bowel in front of anend-window — with 3 volumes of 5 per cent sucrose solu- 
— scintillation counter. Significant positive or _ tion. 
gical, negative results were reported in 20 of 21 Radiophosphorus, as H3PQO, in 0.5 molar 
— attempts which were made to localize the hydrochloric acid, was neutralized with 0.5 


hemorrhage. 

This report describes a method in which 
canine erythrocytes were labelled with 
radioactive phosphorus. A series of 3 small 
Geiger-Miiller counters were placed at 8 
inch intervals within a Cantor tube, and 
this was passed into the intestines. Leads 
from each Geiger counter were then con- 
nected to individual count rate meters 
alongside the animal. Hemorrhage into the 
bowel was induced and it was possible at 
that time to determine which of the Geiger 
counters was nearest the source of hemor- 
rhage. 
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molar sodium hydroxide. It was then buf- 
fered with 0.156 molar citrate phosphate to 
pu 7.4. The resulting volume of buffered 
P* was never more than 2 milliliters. This 
solution was added to the washed packed 
cells, and the mixture incubated with gentle 
agitation for 30 minutes at 37 degrees C. 
Thereafter, the red cells were washed twice 
with 3 volumes of cold isotonic saline and 
resuspended in saline prior to injection. The 
resulting intracellular organic phosphate 
was not rapidly diffusible. The beaker of 
labelled cells was kept on ice until used. 
The amount of P® injected was deter- 
mined by counting aliquots of the original 
solution of H3PQ, and the final suspension 


of labelled erythrocytes. 
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BLOOD CPM/ML (in 1000's) 
nw + @ 


TIME IN MINUTES 


Fic. 1. Isotope levels in blood after intravenous in- 
jection of autologous red cells labelled with intra- 
cellular P®, 


The Geiger-Miiller counters used were 
Anton type 307, which operate at about 
400 volts, are halogen quenched, and are 
reasonably efficient for beta radiation. For 
mechanical strength, each counter was 
backed with a thin steel strip and together 
with its connections was encased in duco 
epoxy glue. The maximum diameter of the 
assembly was 0.35 centimeter, the length 
3.0 centimeters. The voltage was supplied 
individually to each tube by an electron- 
ically regulated power supply. 

Shielded wire was used to prevent un- 
wanted coupling. Three centimeters above 
each counter a 10 megohm resister and its 
connections were also encased in duco epoxy 
glue. Each lead of 4 to 6 feet ended in a 
coaxial connector. 

The detection device consisted of a single 
lumen No. 16 gauge Cantor decompression 
tube, containing 3 of the above described 
Geiger counters with their separate leads. 
These were spaced at 8 inch intervals in the 
rubber tube, and over each the wall was cut 
away to allow exposure of the counter to the 
radiation. Finally, these areas were covered 
with a thin layer of silicone rubber com- 
pound providing watertight closure without 
significantly impeding radiation detection. 
The leading end of the Cantor tube was 
provided with a small buckshot-filled rubber 
bag to facilitate passage of the Cantor tube 
carrying the 3 Geiger tubes through the 
intestines. 


In order to measure the radioactivity, 
several simple count rate meters were con- 
structed. They consisted of a saturating type 
amplifier which had a gain of about 100, 
This furnished standardized pulses to a 
monostable multivibrator. Each event in the 
Geiger tubes caused the multivibrator to 
produce pulses of the same magnitude. The 
pulses were integrated by means of a simple 
resistance-capacitance network, and the 
voltage across the network was measured 
by a simple vacuum tube voltmeter. The 
readings of the voltmeter were then roughly 
proportional to the number of events in the 
Geiger tubes. The actual meters used in 
the circuits were calibrated in microam- 
peres, not in volts; hence, all data are re- 
ported in terms of current rather than 
voltage. 

Details of the electronic circuits can be 
obtained from the authors. 


PROCEDURE 


Seven mongrel dogs, weighing between 
11 and 19 kilograms were used. They were 
anesthetized using 30 milligrams per kilo- 
gram of pentobarbital. From each dog, 50 
milliliters of blood were drawn for labelling. 
The inferior vena cava was cannulated via 
the femoral vein with polyethylene tubing 
so that serial samples of circulating isotope 
could be drawn. The ipsilateral femoral 
artery was also cannulated and the free end 
of the tubing clamped. The intestines were 
exteriorized through a linea alba incision, a 
duodenotomy was performed, and_ the 
Cantor tube containing 3 Geiger tubes was 
passed distally. By gentle traction, the lead- 
ing tip of the tube was brought into the dis- 
tal ileum. This method placed the first 
counter in the ileum and the second some 
8 inches proximally. The leads from the 
counters were then attached to their indi- 
vidual count rate meters. 

The labelled cells were injected into the 
vena cava and background measurements 
were made. 

Next, the bowel wall near one of the 
counters was punctured with a scalpel and 
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the free, bleeding end of the catheter pre- 
viously placed in the femoral artery was 
inserted into the lumen of the bowel. Two 
to 10 milliliters of blood were allowed to 
flow into the gut, and the results, apparent 
within minutes, were obtained. In a similar 
manner the other counters were tested. In 
dogs 1 and 2, the circulating isotope was 
withdrawn by venipuncture and injected 
into the bowel lumen by syringe. 


RESULTS 


The average uptake by the red cells was 
80 per cent of the P® solution—range 57 to 
98 per cent. The intracellular isotope was 
sufficiently stable to permit testing over a 


period of 3 hours. Figure 1 indicates the ~ 


levels over a 30 minute period, and samples 
drawn at the end of 3 hours show a slow 
decline. The introduction of the erythrocyte 
tracer into the circulation had no noticeable 
effect on the count rate meters. Before any 
bowel lesion was made, any possible effect 
on the electronic circuit was looked for dur- 
ing a 30 minute period. There was none. 
Neither the aortic nor the splanchnic flow 
nor the succus entericus produced a false 
positive test. Unless the isotope was in the 
bowel lumen, no effect was noted. 

As shown in Figure 2, it was not difficult 
to localize the bleeding site. Each animal 
was tested 6 to 10 times by withdrawing 
the counters into nonradioactive areas. Re- 
sults comparable to those in Figure 2 were 
obtained. 

At the conclusion of each experiment, 10 
to 15 milliliters of blood were allowed to 
pool in the duodenum, and as the tube was 
withdrawn entirely from the gut, the coun- 
ters were placed seriatim in the blood for 
30 to 60 seconds. Inf every case the count 
rate meters rose 40 to 100 microamperes 
above background. During the third experi- 
ment 10 milliliters of blood were injected 
into the stomach adjacent to one Geiger 
counter. It localized the bleeding, reading 
50 microamperes above background. 

The time from onset of bleeding to the 
electronic response of the count rate meters 
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Fic. 2. Challenge of each Geiger counter by approxi- 
mately 10 milliliters of radioactive blood. The first group 
of three vertical bars on the left represents the back- 
ground readings obtained from Geiger counters 1, 2, and 
3 after the intravenous injection of 88 microcuries of 
intracellular P®*. Some 15 to 30 minutes later, less than 
5 milliliters of blood were introduced into the lumen of 
the bowel beside counter 1. The response of this and sub- 
sequent testings of the other counters is shown. The ar- 
rows indicate the decreasing responsiveness of that Geiger 
counter as the labelled blood leaves the area. 


was related to the amount of injected iso- 
tope, the rate of hemorrhage, and the dis- 
tance of the counter from the bleeding site. 
We used a 5 to 10 milliliter per minute rate 
of bleeding in all animals. In dogs 1, 2, 3, 
and 4, the response occurred in 1 to 2 min- 
utes. In dogs 5, 6, and 7, the response 
occurred less than 1 minute after bleeding 
began. There were no false positive readings. 
No more than 15 cubic centimeters of 
blood was ever introduced into any test 
segment. 


DISCUSSION 


A number of difficulties were encountered 
and some remain. 

The Geiger counters are difficult to build 
and while sturdy enough, they must be 
checked for optimal functioning voltage 
before using. Each counter requires its own 
power supply, and although the voltage was 
at no time in contact with the animals, a 
tube for clinical use would need carefully 
constructed insulation. 
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Electrical interference between the leads 
coming up inside the Cantor tube was also 
a problem. The shielding described worked 
well after a number of other types had not. 
The problem of satisfactory leads and shield- 
ing in a tube with more than 3 counters, 
which can be read individually and simul- 
taneously, is considerable. 

In preliminary trials it was found that the 
direct injection of P®, as H;PO,4 and not 
intracellular, was unsatisfactory due to its 
rapid disappearance from circulation. Our 
intracellular isotope worked well but the 
labelling technique was time-consuming 
and would necessitate a delay in clinical 
work. While a tracer for this type of work 
must have specific characteristics, more 
suitable methods may be available. 

The potential of falsely positive tests was 
of concern to us. Examples would include 
possible excretion of the isotope into the 
succus entericus through the uninjured 
bowel wall as well as biliary or pancreatic 
secretion. As noted we did not obtain one 
false positive test due to excretion of the 
isotope or passage of radiation through the 
bowel wall for periods up to 3 hours. Tests 
were not performed beyond this time. The 
duodenotomy, however, was distal to the 
sphincter of Oddi and although we did not 
observe any difficulty because of it, biliary 
excretion of the isotope must be more thor- 
oughly ruled out as a source of possible 
future error. 

On the other hand we are encouraged by 
the results and by several additional factors: 

It was found that clotting of blood in the 
bowel increased the isotope concentration 
at that point and facilitated localization. 
In dog 5, intense counting (100 micro- 
amperes) was noted in an area presumably 
free of radiation, although tests had been 
made further up the bowel. An enterotomy 
was performed, and a 2 by 1 centimeter 
clot was present. Tested in vitro, it counted 
12,000 counts per minute per gram of dry 


weight. This effect was noted several times 
in the lumen of the bowel but clotting on 
drapes outside the bowel had no noticeable 
effect. 

Multiple bleeding sites were tested by 
moving the catheter from one site to another 
immediately after approximately 10 milli- 
liters of blood had flowed into the first 
wound. Two or three sources of hemor- 
rhage were localized by a response by the 
Geiger tube and its individual count rate 
meter to the presence of labelled erythro- 
cytes within a few centimeters of the counter. 
The time of response for multiple lesions 
was within the same range as for individual 
sites. 

Intestinal contents did not interfere with 
the localization, but tests were not made 
beyond the first 15 centimeters of the colon. 

The duodenotomy was made for con- 
venience. In a bleeding patient the tube 
could be passed through the nose. 

The test does not begin until the isotope 
is injected. Blood present in the bowel 
before the injection of the isotope does not 
interfere with the counting. 

It is believed that the concept is sound 
and has worked under the experimental 
conditions described. Technical improve- 
ments are needed. Such work is in progress. 


CONCLUSIONS 


1. A method of detecting localized beta 
radiation in the gastrointestinal tract is 
described. 

2. This method has been used for the 
localization of intestinal hemorrhage. 
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HEPATIC BLOOD FLOW VARIATIONS DURING 


SURGICAL ANESTHESIA IN MAN MEASURED 


BY RADIOACTIVE COLLOID 


DRAMATIC DISTURBANCES in circulatory dy- 
namics may occur in patients undergoing 
surgical anesthesia. To attempt a better 
understanding of these changes a study of 
the effect of various anesthetic and surgical 
procedures on hepatic blood flow was un- 
dertaken. The findings in 68 patients under- 
going a variety of surgical procedures under 
thiopental, cyclopropane, ether, and local 
or spinal anesthesia are the subject_of this 
report. 


METHODS 


The technique of hepatic blood flow de- 
termination used was that of Dobson and 
Jones which depends on the rapid and effi- 
cient clearance of a radioactive colloid from 
the blood by the reticuloendothelial system 
of the liver and spleen. Utilizing this tech- 
nique, Dobson and Jones found a rapid 
deposition of 95 to 98 per cent of the in- 
jected dose of colloidal chromic phosphate 
labeled with radioactive phosphorus (P**) 
in the livers and spleens of dogs, mice, rats, 
and man. Determinations in these patients 
were made by injecting intravenously 2 to 4 
microcuries of chromic phosphate. Hepa- 
rinized blood samples were drawn at inter- 
vals of 2, 3, 4, 6, 8, and 10 minutes, and 2 
cubic centimeters of each sample were 
plancheted and assayed for radioactivity. 
Counts per minute were plotted on semi- 
logarithmic paper as a function of time, 
and the best straight line was fitted to the 
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points (Fig. 1). The slope of this line repre- 
sents the fraction of the patients’ circulating 
blood volume perfusing the liver per unit 
time and has been termed the colloid dis- 
appearance rate constant “‘k.” The disap- 
pearance rate constant is related to the half 
time of the peripheral disappearance of the 
radioactive colloid by the expression 
ard Accordingly, a steeper slope will 
result in a shorter half time and a larger 
**k” value and a larger estimated hepatic 
blood flow (EHBF). 

The hepatic plasma flow (EHPF) may be 
estimated in cubic centimeters per minute 
by multiplying the plasma volume by “k.” 
Plasma volume determinations were made 
by combining Evans blue dye with chromic 
phosphate and calculating the dilution of a 
single sample 10 minutes past injection. 

The validity of the radioactive chromic 
phosphate method and the assumptions 
necessary in estimating liver blood flow in 
animals and man have been reviewed pre- 
viously by Dobson and associates (2, 3). 

In 12 patients hepatic blood flow was 
determined on the day prior to surgery in 
the patient’s room, the subject recumbent 
and fasting. The following morning the 
determinations were repeated in the op- 
erating room immediately prior to induc- 
tion of anesthesia. Eight of these patients 
were medicated with pentobarbital and 
atropine and 4 received no premedication. 
In the remaining cases a single preoperative 
determination was made in the operating 
room, immediately before induction of 
anesthesia. Liver blood flow was measured 
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TABLE I.—COLLOID DISAPPEARANCE RATE AND ESTIMATED HEPATIC PLASMA FLOW DURING NITROUS 
OXIDE, ETHER ANESTHESIA 
——Preoperative.__ —JInduction._ Early surgery. 
EHPF EHPF EHPF 
c.c./min. c.c./min. c.c./ min. 


——Late surgery__ 
EHPPF 


Patient Age, yrs. Operation 


1 35 Common duct 0.495 891 


reconstruction 

0.385 1688 
0.385 1126 
0.385 1155 
0.350 

0.346 

0.330 

0.330 

0.260 

0.250 

0.250 

0.240 

0.220 

0.325 


65 Cholecystectomy 

31 D&C 

37 Dental extraction 

46 Cholecystectomy 

42 Hysterectomy 

48 Dental extraction 

40 Dental extraction 

41 Radical neck dissection 
40 Gastrectomy 


Lumbar sympathectomy 
Radical mastectomy 
Axillary dissection 


+82.5 


10 to 20 minutes after the induction of 
general anesthesia with thiopental-nitrous 
oxide-oxygen, nitrous oxide-oxygen-ether, 
or cyclopropane-oxygen, at the end of sur- 
gery in short cases, 1 hour after the start of 
surgery in longer cases, and again at the 
end. 

Thiopental was given as a slow infusion 
of 0.2 per cent solution. Nitrous oxide and 
oxygen were administered at flow rates of 2 
and 1 liters per minute, respectively; and 
ether and cyclopropane were administered 
in a closed system with carbon dioxide ab- 
sorption. Respirations were spontaneous 
and unassisted during ether and thiopental 
anesthesia, assisted or controlled during 
cyclopropane or thiopental in combination 
with a muscle relaxant. In 7 patients radio- 
active chromic phosphate was injected into 
an omental vein as well as into a peripheral 
vein, 2 microcuries at 30 minute intervals, 
to test the possibility that anesthesia might 
impair the ability of the liver to remove the 
isotope from the circulation. 


RESULTS 


Premedication with pentobarbital and 
atropine produced minimal changes in the 


¢.c./min. 
0.498 946 


0.205 820 1617 
0.270 
0.290 
0.270 


0.240 528 
0.265 780 
0.315 

0.280 736 
0.250 

0.260 626 
0.260 741 
0.284 810 

+0.020 +68.7 


0.255 1315 
0.145 271 
0.260 611 
0.250 727 
+0.017 +88.1 


0.160 438 
0.239 715 
+0.033 +715 


disappearance rate constant or in calculated 
hepatic plasma flow (Fig. 2). In the control 
group receiving no premedication, “k” fell 
from 0.290 to 0.265 and the hepatic plasma 
flow varied from 765 to 780 milliliters per 
minute, an insignificant change. In the pre- 
medicated group, the mean disappearance 
rate constant “‘k”’ was 0.350 on the day be- 
fore surgery and 0.330 after premedication 
with a very small drop in calculated hepatic 
plasma flow, from 865 to 786 milliliters per 
minute. The hepatic plasma flow and “k” 
remained constant during surgery per- 
formed under local anesthesia in 3 patients. 

Thirteen patients were studied under 
nitrous oxide-oxygen-ether anesthesia 
(Table I), 13 under cyclopropane-oxygen 
(Table II), and 11 under thiopental-nitrous 
oxide-oxygen (Table III). The average “‘k” 
values of these tables are summarized in, 
Figure 3. The disappearance rate constant 
“*k” fell in all the thiopental cases during 
induction—mean fall, 0.354 to 0.220—and 
changed little thereafter. The average cal- 
culated hepatic plasma flow fell from 829 
milliliters per minute to 531 during induc. 
tion and to 515 milliliters per minute dur- 
ing surgery. Patients receiving thiopental- 


TABLE 
Patient 
14 
15 
16 
17 
18 
0.315 787 0.190 484 
0.280 854 
0.255 572 
22 
0.240 
10 0.260 555 
11 51 
12 40 va 
13 39 
Avera 
Standard error of mean.................. +0.020 
TABL 
Patient 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Avera 
Stand 
TABI 
Patien 
45 
46 
47 
48 
49 
9 
Aver 
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TABLE Il.—COLLOID DISAPPEARANCE RATE AND ESTIMATED HEPATIC PLASMA FLOW DURING CYCLO- 
PROPANE ANESTHESIA 
duct ————Surgery. 
EHPF EHPF EHPF 
Operation ¢.c./min. ¢.c./min. ¢.c./min. 
D&C 0.460 914 491 0.230 455 


Stripping varicose veins 0.385 495 0.255 
D&C 0.365 435 0.188 446 
D&C 0.345 935 0.255 781 
Laparotomy 0.300 0.220 
Excision, dermoid cyst 0.290 0.255 
Excision, ganglion, wrist 0.265 0.160 
D&C 0.250 i 0.190 
D&C 0.250 0.150 
Vaginal hysterectomy 0.230 0.130 
0.190 370 0.300 610 0.315 
0.175 365 0.240 470 0.160 
0.175 673 0.085 320 0.125 
Average 0.283 710 0.203 507 0.202 
Standard error of mean +0.024 + 68.6 + 0.020 +53.5 +0.016 +51.1 


TABLE III.—COLLOID DISAPPEARANCE RATE AND ESTIMATED HEPATIC PLASMA FLOW DURING THIO- 
PENTAL-NITROUS OXIDE ANESTHESIA 
——Preoperative—_§ Inducti —_——Surgery. 
EHPF EHPF EHPF 
Operation ¢.c./min, ¢.c./min, c.c./min. 
Stripping varicose veins 1205 285 0.140 420 
Radical mastectomy 900 0.180 447 
Exc. of bartholin cyst 927 0.345 
Radical mastectomy 0.190 
Breast biopsy 0.205 
D&C 0.240 
Breast biopsy 0.160 0.265 
D&C 0.130 
0.200 0.165 
0.220 0.18 
0.240 
0.220 0.204 
+50.6 +0.017 +67.1 +0.020 +53.3 


TABLE IV.—_ESTIMATED HEPATIC PLASMA FLOW UNDER THIOPENTAL-NITROUS OXIDE-SUCCINYLCHOLINE 
ANESTHESIA 


EHPF EHPF 
ml./min. ml./min. 
0.29 956 727 
0.33 640 
0.495 1275 
0.315 930 
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1/2 Te2MIN. 


K*0.693/2 34.7% 


COUNTS PER MINUTE PER CC BLOOD 


1 att 
8 10 
TIME IN MINUTES 
Fic. 1. Peripheral disappearance curve of intrave- 


nously injected radioactive chromic phosphate showing 
calculations. 


nitrous oxide-succinylcholine had somewhat 
higher average values (Table IV). 

With cyclopropane anesthesia the aver- 
age “*k” decreased from 0.283 to 0.203 dur- 
ing induction and remained at this level 
during surgery. The average hepatic plasma 
flow was 710 milliliters per minute pre- 
operatively, 507 milliliters after induction, 
and 547 milliliters per minute during sur- 
gery. “‘k” decreased in all but 2 cases, in 
which the initial value was very low. 


TABLE V.—COLLOID DISAPPEARANCE RATE AND 
ESTIMATED HEPATIC PLASMA FLOW DURING 
INDUCED HYPOTENSION IN PATIENTS WITH 
CIRRHOSIS USING THIOPENTAL, NITROUS- 
OXIDE, AND HIGH SPINAL ANESTHESIA 


—Preanesthesia__ 
EHPF 
1130 
1257 
1533 
898 
1481 
2430 
1075 
1300 


Standard error of mean +0.087 +4191.7 +0.03 


+173.7 


In the ether cases, the average “k” pre- 
operatively was 0.325, after induction 
0.284, and during surgery 0.250. The aver- 
age hepatic plasma flow preoperatively of 
903 milliliters per minute fell slightly after 
induction to 810 and during surgery to 727 
milliliters. The disappearance rate constant 
increased in some cases during induction 
and fell in others. There was no correlation 
between the occurrence of excitement and 
the changes in “k” during induction of 
ether anesthesia. In the 3 ether cases in 
which cardiac output and hepatic blood 
flow were measured simultaneously there 
was no correlation between the two. There 
was also no correlation with any of the 
agents between changes in blood pressure, 
pulse rate, and changes in “‘k” or EHPF, 
nor between the anesthesia level and ‘‘k” or 
EHPF. Similarly, there was no correlation 
between changes in disappearance rate 
constant and the slight and variable changes 
in plasma volume that were observed dur- 
ing anesthesia. No relationship was found 
between changes in pH, carbon dioxide 
tension, and hepatic plasma flow in 12 cases 
in which these were determined. In 2 cases 
a moderate respiratory acidosis was induced 
for approximately 20 minutes during anes- 
thesia with thiopental, nitrous oxide, and 
curare. The disappearance rate constant 
and the hepatic plasma flow remained re- 
markably constant. 

The effect of thiopental, cyclopropane, or 
ether anesthesia on clearance of colloidal 
phosphate was studied in 6 patients with 
cirrhosis undergoing, in all but 1 instance, 
venous shunt for relief of portal hyperten- 
sion. The changes observed in these patients 
with moderate to severe liver damage were 
similar to those observed in the normal 
group. In an additional 7 patients with cir- 
rhosis of the liver, anesthesia was achieved 
with hypotensive spinal anesthetics supple- 
mented with endotracheal thiopental-ni- 
trous oxide anesthesia (Table V). The av- 
erage colloid disappearance rate constant 
before anesthesia was 0.305, and after the 
spinal anesthetic was given, 0.200. The fall 
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in disappearance rate constant of 31 per 
cent of the initial value closely approx- 
imates the observation by Mueller and as- 
sociates of a fall of 30 per cent in estimated 
hepatic blood flow during high spinal anes- 
thesia using the bromsulfalein extraction 
method in normal subjects. The fall in 
hepatic plasma flow in the patients with 
high spinal and thiopental anesthesia was 
almost exactly the same as the fall produced 
by thiopental alone in normal patients 
(Table III). 

To test the effect of anesthesia and sur- 
gery on the efficiency of hepatic extraction 
of colloidal chromic phosphate, intra- 
omental and peripheral injections of chromic 
phosphate were compared in 7 normal pa- 
tients. Four of these patients were anes- 
thetized with ether and 3 with cyclopro- 
pane. After intraomental or portal vein 
injection of radioactive colloid, the amount 
of radioactivity appearing in the peripheral 
blood was in most cases between 2 and 3 
per cent of the total injected activity, with a 
range of 1 to 7 per cent. This activity 
probably represents the fraction of particles 
present in the colloid too small to be cleared 
by the reticuloendothelial system of the liver 
and spleen. Thus, the anesthetic agents used 
can be assumed not to alter the efficiency of 
hepatic clearance of colloidal chromic 
phosphate. 


DISCUSSION 


Liver blood flow, as measured in man by 
bromsulfalein extraction, has been reported 
to fall during cyclopropane by Habif and 
associates, during thiopental-curare-cyclo- 
propane by Shackman and associates, and 
during low and high spinal anesthesia by 
Mueller and associates. Our results confirm 
these observations of depression in liver 
blood flow during general and during spinal 
anesthesia; in addition, the present study 
provides comparative data on the effects of 
a variety of general anesthetic agents. 
Changes in liver blood flow presumably re- 
flect changes in arterial pressure, changes in 
portal venous pressure, and changes in vas- 
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averoge 0.350 0.330 0.290 0.265 
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Fic. 2. Minimal changes in “k’’ and estimated hepatic 
plasma flow caused by premedication. 


cular resistance within the liver. The 
marked early fall in hepatic blood flow oc- 
curs at the same time as the marked increase 
in circulation to the extremities which has 
been described to occur early during general 
anesthesia with thiopental or with cyclopro- 
pane. The fall in liver blood flow during 
cyclopropane and during thiopental anes- 
thesia presumably reflects a marked in- 
crease in splanchnic vascular resistance as 
part of the increase in total peripheral 
resistance which is found with each of these 
agents. 

Ithas been shown by Brewster and Fletcher 
and their associates that increase in cardiac 
output during ether anesthesia occurs regu- 
larly in the intact dog and often in man. In 
the absence of appreciable change in sys- 
temic blood pressure a rise in cardiac output 
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must be associated with a fall in total periph- 
eral resistance; the observation of an in- 
crease or no change in liver blood flow in 
many of the ether cases is consistent with 
this concept. The effect of ether on liver 
blood flow as well as on other cardiovascular 
responses may be related to the reflex re- 
lease of epinephrine or norepinephrine, both 
of which appear in the peripheral blood in 
varying amounts during anesthesia with 
this agent. 

It is of interest that at the end of anes- 
thesia and surgery, and as anesthesia is 
lightened, the difference between agents 
disappears, the final mean hepatic plasma 
flow being very nearly the same for all 
agents studied. 


SUMMARY 


Hepatic plasma flow during thiopental, 
cyclopropane, ether, local, and spinal anes- 
thesia was measured in 68 patients using the 
tagged chromic phosphate method. Pre- 
medication with pentobarbital and atropine 
produced only slight changes. During thio- 
pental-nitrous oxide anesthesia, in 11 cases, 
mean hepatic plasma flow fell from 829 to 
531 milliliters per minute after induction 
and to 515 milliliters during surgery. When 
thiopental anesthesia was supplemented 
with succinylcholine for muscle relaxation 
the accompanying depression of liver plasma 
flow was considerably less. With cyclopro- 
pane anesthesia, in 13 cases, mean hepatic 
plasma flow fell from 710 milliliters to 507 
milliliters per minute after induction and 
rose to 547 milliliters per minute during 
surgery. During thiopental and during cy- 
clopropane anesthesia changes in hepatic 
plasma flow were consistent and statistically 
significant. During ether anesthesia the 


changes were variable and of smaller mag. 
nitude: mean hepatic plasma flow was 903 
milliliters before induction, 810 milliliters 
during induction, and 727 milliliters per 
minute during surgery. There was no dem- 
onstrable correlation between changes in 
blood pressure, pulse, or cardiac output 
and hepatic plasma flow, nor between the 
anesthesia level, pH, carbon dioxide tension, 
and hepatic plasma flow. Patients suffering 
from cirrhosis of the liver showed a response 
to anesthesia similar to that of noncirrhotics, 


REFERENCES 


1. Brewster, W. R., Isaacs, J. P., and Anpersen, T. 
W. Depressant effect of ether upon the myocardium 
of the dog and its modification by the reflex release 
of epinephrine and norepinephrine. Am. J. Physiol., 
1953, 175: 399. 

. Dosson, E. L., and Jones, H. B. The behavior of in- 
travenously injected particulate material; its rate of 
disappearance from the blood stream as a measure of 
liver blood flow. Acta med. scand., 1952, 144, suppl. 
273. 

. Dosson, E. L., Warner, G. F., Finney, C. R., and 
Jounstone, M. E. The measurement of liver circula- 
tion by means of the colloid disappearance rate—I, 
liver blood flow in normal young men. Circulation, 
1953, 7: 690. 

. Fietcuer, G., PEnpER, J. W., and Woon, E. H. 
Hemodynamic effects of ether anesthesia and 
in 11 cases. Current Res. Anesth., 1956, 35: 18. 

. Hasir, D. V., Papper, E. M., Firzpatrick, H. F., 
Lowrance, P., SMyrHeE, C. McC., and ey, 
S. E. The renal and hepatic blood flow, glomerular 
filtration rate, and urinary output of electrolytes dur- 
ing cyclopropane, ether, and thiopental anesthesia, 
operation, and the immediate postoperative period. 
Surgery, 1951, 30: 241. 

. Jones, H. B. Molecular exchange and blood > 
fusion through tissue regions. In: Advances in Bio- 
logical and Medical Physics by J. H. Lawrence and 
J. C. Hamilton. Vol. II, p. 53. New York: Academic 
Press, Inc., 1951. 

MuELLeER, R. P., Lynn, R. B., and Sancetta, S. M. 
Studies of hemodynamic changes in humans following 
induction of low and high spinal anesthesia—II, the 
changes in splanchnic blood flow, oxygen extraction 
and consumption, and splanchnic vascular resistance 
in humans not undergoing surgery. Circulation, 
1952, 6: 894. 

Suackman, R., Graber, I. G., and MEtrose, D. G. 
Liver blood flow and general anesthesia. Clin. Sc., 
Lond., 1953, 12: 307. 


DISS 
PRE! 


R. RA 
W. H. 


THER 
intere 
of thr 
mero' 
few y 
clinic 
fibrin 
woul 
tions 
occul 
surgi 
only 
that 
these 
gatic 
Ther 
fibri 
for | 
dete 
bou 
Fi 
curr 
amo 
fibri 
ing 
prot 
teris 
is f 
sub: 
occ! 
Thi 
Chi 


7 
fibr 
| cal 
lab 
cor 
Fr 
Care 
Si 
Fou 


mag- 
as 903 
liliters 
rs per 
dem- 
ges in 
Jutput 
en the 
nsion, 
fering 
sponse 
hotics, 


T, 
cardium 
release 
Physiol., 


or of in- 
| rate of 
asure of 
suppl. 


DISS \LUTION EFFECT OF HUMAN FIBRINOLYSIN ON 
PREFORMED VENOUS THROMBI IN DOGS 


RANDOLPH BRADHAM, M.D., F.A.C.S., and 
W. H. | KE, JR., M.D., Charleston, South Carolina 


THERE \[AS RECENTLY BEEN a great deal of 
interest in fibrinolytic agents for dissolution 
of thro:ibi in thromboembolic disease. Nu- 
merous reports have appeared in the last 
few years concerning the experimental and 
clinical use of a new fibrinolytic agent, 
fibrinolysin. If effective, such an agent 
would revolutionize the treatment of condi- 
tions in which arterial and venous thrombi 
occur. Many thromboses cannot be removed 
surgically. Presently, anticoagulants are the 
only therapy other than operative removal 
that is successful with these conditions, and 
these agents chiefly combat further propa- 
gation of an already formed thrombus. 
Therefore, it is understandable that a new 
fibrinolytic agent should create a stimulus 
for laboratory and clinical investigation to 
determine its therapeutic usefulness and 
boundaries. 

Fibrinolysin is a proteolytic enzyme oc- 
curring normally in plasma in small 
amounts with the function of lysing minor 
fibrin deposits that result from trauma dur- 
ing normal activities. It will affect other 
proteins in plasma but has a special charac- 
teristic of being strongly bound to fibrin. It 
is formed from profibrinolysin when this 
substance is activated by several naturally 
occurring activators such as streptokinase. 
This action is well described by Singher and 
Chapple. 

To assess adequately such an agent as 
fibrinolysin, numerous laboratory and clini- 
cal studies which include large numbers of 
laboratory animals and patients must be ac- 
complished. There are many complexities 
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to deal with. ‘Too many times a patient with 
thrombophlebitis will improve immediately 
upon being treated with bed rest and local 
application of heat. Also, it is difficult to 
choose cases in such a way that one series of 
patients is comparable to another. Large 
numbers of patients receiving fibrinolysin 
would have to be compared with a similar 
number not receiving this agent to evaluate 
them from the standpoint of complications 
and sequelae in order to obtain statistically 
valid results. Laboratory results can be more 
accurately determined, as the approach is 
direct and not dependent upon subjective 
symptoms and objective findings which are 
manifestations of the activity of the clot. The 
great difficulty is in transposing any results 
obtained in animals to those which can be 
expected in man. Fibrinolysin is a human 
enzyme and probably acts differently in 
animals. The coagulation mechanisms of 
man and various laboratory animals differ. 

This study was undertaken to determine 
the dissolution effect of human fibrinolysin 
on venous thrombi in dogs. Forty-seven dog 
experiments were performed. The activity 
of fibrinolysin on preformed venous thrombi 
was determined by direct visualization of 
the thrombus after infusions of this enzyme. 
Various dosages and methods of adminis- 
tration were used. One series combined the 
use of fibrinolysin with heparin to rule out 
the factor of thrombi reforming immediately 
after dissolution. 


METHOD 


Venous thrombi in the femoral veins of 
mongrel dogs were produced at the positive 
electrode by passing a 10 milliampere cur- 
rent through the wall of the vein for 1 hour. 
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Fic. 1. Photograph of a gross specimen of a representa- 
tive thrombus produced in a femoral vein. This thrombus 
occluded the vein but was attached to the vein wall where 
the electrode was placed. 


This is a modification of the technique de- 
scribed by Williams and Carey. Both femor- 
al veins in each dog were exposed and 
thrombosed by this method. Figure 1 is a 
photograph and Figure 2 is a photomicro- 
graph of the clot at 24 hours. In a control 
series of 12 dogs, the right vein was sacri- 
ficed on the first day and the left vein on the 
third day postthrombosis. Eighteen of the 24 
veins contained thrombi. A control on each 
subsequent dog receiving fibrinolysin was 
obtained by sacrificing the right vein 24 
hours after the electrodes had been applied, 
just prior to the first infusion of fibrinolysin. 
The thrombosis rate on all controls includ- 
ing both the control series and the control 
vein on each dog was 89 per cent, and thus 
this method was established as a satisfactory 
means of producing thrombi. The dogs re- 
ceiving fibrinolysin were divided into series 
so that various dosages and methods of ad- 
ministration could be evaluated. 

Series 1, 4 dogs. Each dog in this series re- 
ceived 50,000 units of fibrinolysin in 250 
milliliters of isotonic saline which were in- 
fused over a 2 hour period intravenously in 
an anterior extremity on each of 3 succes- 
sive days postthrombosis. Only 1 of the con- 
trol veins did not contain a thrombus. Six 
hours after the infusion on the third day the 
left vein was sacrificed. This time interval 


was used as it is believed that the effect of 
fibrinolysin will last for 6 hours. 

Series 2, 10 dogs. In this series all of the 
control veins contained a thrombus. Two 
hundred thousand units of fibrinolysin in 
250 milliliters of isotonic saline were in/used 
over a 2 hour period on each of 2 succc-ssive 
days postthrombosis. The left veins were 
sacrificed 6 hours after the second infusion, 

Series 3, 10 dogs. All control veins con- 
tained a thrombus. Two hundred thousand 
units of fibrinolysin in 250 milliliters of iso- 
tonic saline were infused over a 2 hour peri- 
od into the left femoral vein just below the 
thrombus. All tributaries of the vein in 
the immediate vicinity were ligated so that 
the solution containing the fibrinolysin 
would not run off but bathe the clot di- 
rectly. The left vein was sacrificed in this 
series immediately after the infusion was 
discontinued. 

Series 4, 5 dogs. All control veins contained 
a thrombus. In this series 1,000,000 units of 
fibrinolysin in 250 milliliters of isotonic sa- 
line were infused over a 30 minute period 
just below the thrombus in the left femoral 
vein. All tributaries in the immediate vicin- 
ity were ligated. This delivered a high con- 
centration of fibrinolysin to the immediate 
vicinity of the clot. The left vein was sacri- 
ficed at the completion of the infusion. 

Series 5, 6 dogs. In this series fibrinolysin 
and heparin were combined for the purpose 
of determining the effect of these two agents 
on dissolution and maintenance of dissolu- 
tion of the thrombi. A heparin tolerance 
test was carried out on each dog similar to 
that described by de Takats. A control clot- 
ting time was determined by the Lee-White 
method. Each dog then received 0.14 milli- 
gram per kilogram of sodium heparin intra- 
venously. After an interval of 10 minutes, 
the clotting time was determined. If in- 
creased beyond 50 per cent, the dog was 
placed in group 1. If the increase in clotting 
time was not greater than 50 per cent, 
another dose of 0.14 milligram per kilogram 
of heparin was given intravenously and the 
clotting time was redetermined after 10 min- 
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utes. I{ it was increased beyond 50 per cent, 
the doe was placed in group 2. If it still was 
not inc: eased above 50 per cent, the dog was 
placed in group 3. Group 1 dogs received 1 
milligr:m per kilogram every 12 hours. 
Group 2 dogs received 2 milligrams per 
kilograin every 12 hours. All doses were 
given subcutaneously. Five of the 6 dogs 
were i) group 1 and 1 was in group 2. 

After the amount of heparin to be used 
was established, the femoral veins of each 
dog were thrombosed. The right vein was 
sacrificed 24 hours later for a control. Only 
| control vein contained no thrombus. The 
initial dose of heparin was given as well as 
an infusion of 300,000 units of fibrinolysin 
in 250 milliliters of isotonic saline in an an- 
terior extremity over a 2 hour period. Hep- 
arin was given every 12 hours during the 
remainder of the experiment. On the second 
and third day postthrombosis, additional in- 
fusions of 300,000 units of fibrinolysin in 250 
milliliters of isotonic saline were infused in- 
travenously in an anterior extremity. Six 
hours after the third infusion, the experi- 
ment was completed by sacrificing the left 
femoral vein and inspecting it for a throm- 
bus. 


RESULTS 


Series 1. Of the 4 left veins examined, only 
1 was free of thrombus formation. This oc- 
curred in adog which had a thrombus in the 
control right vein. 

Series 2. Three of the 10 dogs had no 
thrombus in the left vein. All of these dogs 
had a thrombus in the control right vein. 
The dissolution rate in this group must be 
assumed to be 30 per cent. 

Series 3. In this group, none of the left 
veins was free of a thrombus but it was an 
impression that some of these thrombi di- 
minished in size and became softer during 
the infusion. 

Series 4. Two of the 5 dogs had no throm- 
bus in the left vein. Again in this series, 
there was the impression that the thrombi 
in the other 3 dogs diminished somewhat in 
size during the infusion. The dissolution rate 


Fic. 2. Photomicrograph of a 24 hour venous throm- 
bus. Note strands of fibrin and areas of trapped blood 
cells and plasma. There is no organization at this stage. 


must be considered to be 40 per cent. 
Series 5. All of the 6 dogs had thrombi in 
the left veins at the completion of the ex- 
periment. 
The over-all rate of dissolution for the en- 
tire series is 17.6 per cent. 


DISCUSSION 


The results of this study indicate that the 
infusion of fibrinolysin does not consistently 
dissolve thrombi in the femoral veins of 
dogs. All of these thrombi were 24 hours old 
at the time of the first infusion so should be 
ideal thrombi for dissolution as they are not 
organized. The thrombus at this stage is 
composed of strands of fibrin and trapped 
blood cells. 

In series 2, there was a 30 per cent disso- 
lution rate. These results were not repeated 
in series 5 which was a similar experiment 
with the exception of the addition of hep- 
arin. Both series 3 and 4 involved the direct 
bathing of the thrombus with fibrinolysin. 
In series 3 a moderate concentration was 
used. It was an impression that, although 
the dissolution rate in series 3 was 0, the 
thrombi did become smaller and _ softer. 
This impression was based on palpation of 
the thrombosed vein. The dissolution rate 
in series 4 was 40 per cent, the highest rate 
in any of the experiments. Therefore, the 
results leave the impression that direct bath- 
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ing of the thrombus with high concentra- 
tions of fibrinolysin is the most effective 
mode of administration. Application of this 
treatment clinically would certainly require 
further laboratory investigation. The re- 
sults in series 5 were rather disappointing, 
as the method of administration and combi- 
nation with heparin are similar to the sched- 
ule that is presently followed clinically. 

This enzyme definitely has a minimal dis- 
solution effect on early thrombus formation, 
but much more investigation in the labora- 
tory is necessary to define more clearly the 
best method of application. Large numbers 
of patients with early thrombophlebitis will 
have to be treated with this enzyme before 
any conclusion can be reached on its clin- 
ical efficacy. Proof of efficacy must be based 
on a definite attenuation of the disease as 
well as a reduction of the incidence of fatal 
emboli and the sequelae of this damaging 
obstructive process. 


SUMMARY 


A series of experiments were carried out 


to determine the dissolution effect of fibrino- 
lysin on early thrombus formation in the 
femoral veins of dogs. Thrombi were formed 
by passing a 10 milliampere current through 


the wall of the vein for 1 hour. In all, 47 
dogs were used. They were divided into 
groups so that different dosages and sched- 
ules of administration could be employed. 
One group consisted of a control series. A 
control was obtained on each dog by sacri- 
ficing the right femoral vein at 24 hours 
postthrombosis, before infusions of fibri:\o- 
lysin were begun. 

The results indicated that the thronibi 
were not dissolved consistently but that iis 
enzyme does have dissolution propertics, 
especially when the thrombus is bathed di- 
rectly with high concentrations. Combining 
the administration of fibrinolysin and |iep- 
arin did not improve the dissolution effect. 
Because the enzyme does exhibit some dis- 
solution potential its further evaluation clin- 
ically and in the laboratory is certainly war- 
ranted. 
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LIFE HISTORY AND TREATMENT OF MENINGIOMAS 
WITHIN THE LATERAL VENTRICLES 


DON \LD H. WILSON, M.D., W. JAMES GARDNER, M.D., F.A.C.S., and 
LAWRENCE J. MCCORMACK, M.D., Cleveland, Ohio 


_, . ‘be time is ripe for special studies of special tu- 
mors |. special localities, particularly if the surgical 
treat nt of these difficult lesions is to be perfected. 
—Cusirng, 1997. 

WE :OPOSE to describe the life history and 
treatinent of meningiomas within the lateral 
venti icles, based on the 71 cases reported in 
the literature since 1922, and an analysis of 
our own 7 cases. 

Abbott and Courville reviewed 50 cases 
of intraventricular meningiomas. In only 2 
the tumor arose from within the third 
ventricle and in 2 from within the fourth 
ventricle. This latter site of origin is so rare 
that for practical purposes intraventricular 
meningiomas grow within the lateral ven- 
tricles. Occasionally they extend into the 
third ventricle. 

Cushing and Eisenhardt stated that all 
meningiomas arise from the arachnoidal 
tissue that invests the central nervous system. 
Such tissue consists of arachnoidal cap cells 
overlying a fibrous syncytium. We believe 
that cap cells produce meningothelial 
meningiomas, whereas fibrous stroma pro- 
duces fibroblastic meningiomas. Abbott and 
Courville state: ‘‘. . . these two tumors have 
their origin from two distinct histologic 
elements [cap cell and fibrous stroma], 
which elements may be combined to form 
mixed tumors as del Rio Hortega originally 
emphasized. The ultimate origin of these 
two tumors, as far as their parent histologic 
element is concerned, is still not entirely 
settled.” 

In the embryo the piarachnoid becomes 
folded into the choroid fissure with the 
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choroidal membrane, to form a part of the 
choroid plexus. The choroid plexus is that 
vascular, fringelike fold of piarachnoid 
within the third, fourth, and lateral ven- 
tricles, which secretes cerebrospinal fluid. 
Meningiomas, therefore, can be expected to 
arise within the lateral ventricles. We be- 
lieve that the term “choroid plexus menin- 
gioma” should be used in preference to 
“intraventricular meningioma.” “‘Choroid 
plexus” denotes origin as well as position 
and is a more precise, less cumbersome 
term. Choroid plexus meningiomas are 
mostly fibroblastic. In Abbott and Cour- 
ville’s 50 cases only 1 was not a fibroblastic 
meningioma. The meningothelial and 
mixed types do occur, however, as was 
found in 2 of our cases. 

Sixty per cent of choroid plexus menin- 
giomas occur in women between 35 and 45 
years of age. More than 70 per cent arise 
from the glomus of the choroid plexus in the 
trigone of the left lateral ventricle, where 
the body, posterior horn, and temporal 
horn meet. The glomus is that enlarged 
portion of the plexus within the trigone. It is 
here that the membranous attachment of 
the plexus to the ventricular wall is widest 
(Fig. 1). 

Symptoms of increased intracranial pres- 
sure appear first and progress inexorably for 
perhaps 4 months before the patient seeks 
help. Generalized headaches, usually ag- 
gravated by stooping or straining, occur. 
Nausea and vomiting follow. Visual symp- 
toms are blurring, transient episodes of 
blindness, or inability to see objects in a 
homonymous field. Impairment of higher 
integrative functions, i.e., mentation, at- 
titudes, behavior, and feelings, almost in- 
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Fic. 1. 


Fic. 2. 


Fic. 1. Meningioma arising from glomus of choroid plexus in left lateral ventricle (after Dandy, 6). 
Fic. 2. Cannula encountering choroid plexus meningioma (after Dandy, 6). 


variably occurs, as well as mild, contra-_ 


lateral hemiparesis. The mental symptoms 
are due not to the site of the tumor, but 
rather to its size. Chapman and his associ- 
ates showed that impairment of higher 
integrative functions depended upon the 
amount of cortical tissue loss and not upon 
the site of destruction. Astereognosis and 
paresthesia in the contralateral limbs are 
also common. The patient may stagger, and 
intention tremor of the limbs on the same 
side may develop. Receptive dysphasia is 
common and manifests itself as word blind- 
ness, or in severe cases, as word deafness. 
Tinnitus and a concomitant loss of hearing 
for high tones may develop in both ears and 
may be improved by removal of the tumor. 
Examination reveals mild papilledema and 
contralateral homonymous hemianopsia. 
The limbs are ataxic on the same side as the 


tumor and there is fine nystagmus to 
horizontal gaze. Romberg’s sign is present. 
In most patients there are hemipareses on 
the opposite side and often bilateral Babin- 
ski responses. 

Growing slowly within the preformed 
cavities of the brain, the choroid plexus 
meningioma may attain a large size before 
it obstructs the flow of cerebrospinal fluid 
and seriously compromises brain tissue. As 
the tumor enlarges, lateral pressure on the 
optic radiation and on the posterior aspect 
of the internal capsule produces contra- 
lateral homonymous hemianopsia and hemi- 
paresis. Downward growth distorts the mid- 
brain and the superior cerebellar peduncle, 
causing cerebellar signs and symptoms on 
the involved side. Compression of the 
parietal and occipital lobes produces re- 
ceptive dysphasia and occasionally flashes 
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Fic. 3. Case 4. Fibroblastic meningioma. The circumscribed hyaline masses are of aid in the diag- 


nosis of this spindle-celled tumor. Masson, X 285. 


Fic. 4. Case 6. Meningothelial meningioma. The round to oval cells with a tendency to focal 


whorling are characteristic features. Masson, X 285. 


of light indicative of occipital lobe seizures. 
The cause of loss of hearing for high tones 
and of tinnitus is obscure, but it may be due 
to distortion of the quadrigeminal plate. In 
1 of our patients these symptoms were 
relieved after removal of the tumor. 

In 1938, Cushing and Eisenhardt de- 
scribed a clinical syndrome of choroid 
plexus meningiomas, based on 19 cases. 
Dandy stated that such a syndrome did not 
exist. We believe that if a woman in early 
middle age has signs and symptoms of a 
slowly expanding lesion in the posterior 
part of the left hemisphere and in the 
posterior fossa, the diagnosis of choroid 
plexus meningioma should be considered. 

Although clinical examination may lead 
one to suspect a choroid plexus meningioma, 
more mechanical methods are required to 
prove it. Ventriculography is usually diag- 


nostic. There is a shift of the ventricular 
system to the opposite side. The opposite 
ventricle is moderately dilated. The in- 
volved ventricle is shown to have dilated 
anterior and inferior horns with no air 
present in the body. The convexity of the 
tumor is outlined. On cannulation of the 
occipital horns for ventriculography, one 
may encounter the firm mass at a depth of 3 
to 4 centimeters (Fig. 2). Carotid arteri- 
ography usually shows a shift of the anterior 
cerebral artery to the opposite side and 
downward displacement of the posterior 
branches of the middle cerebral artery. In 4 
of Wall’s cases, roentgenograms taken in a 
late phase showed the anterior choroidal 
artery to be much enlarged. The artery 
ended in a tumor blush at the anteroinferior 
extremity of the tumor. Pneumoencephalog- 
raphy was diagnostic in 1 of our patients. In 
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Fic. 5. Case 7. Mixed meningioma. a, The tumor margin shows a dense capsule, an area of 
spindle cells, and the attachment to the choroid plexus. Hematoxylin and eosin, X 150. b, Another 
area of the tumor possesses the characteristic features of a meningothelial meningioma. Masson, 


X 285. 


2 other patients the ventricles did not fill 
with air. We have used the procedure too 
infrequently to be able to evaluate its 
worth in diagnosing this lesion. However, it 
would seem to be less helpful than ven- 
triculography. Vertebral arteriography can 
be absolutely diagnostic. In our 2 patients 
in whom it was performed, the location of 
the tumor was demonstrated. The normal 
pattern of the choroid plexus was absent. In 
Ameli’s case the character of the vessels 
suggested a meningioma. Of all 71 cases 
reported in the literature, this was the only 
one in which a choroid plexus meningioma 
was suspected. Electroencephalography 
often indicates a deep-seated lesion in the 
posterior aspect of the involved hemisphere. 
Surprisingly, lumbar puncture is nonin- 
formative: the pressure may or may not be 
elevated, and the protein concentration is 
usually normal. 


From clinical examination none of the 71 
patients whose cases were reviewed was 
diagnosed as having a choroid plexus 
meningioma. However, most were suspected 
of harboring brain tumors in the involved 
hemisphere. Cerebellar signs and symptoms 
were sO prominent in a few patients that 
exploration of the posterior fossa was per- 
formed without recourse to arteriography or 
air studies. Death was the tragic result and 
the intraventricular tumor was found at 
necropsy. Where the signs were only those 
of increased intracranial pressure, cerebral 
pseudotumor was suspected. 

The signs and symptoms produced by a 
choroid plexus meningioma are not specific 
for this type of tumor. They may result from 
any expanding lesions in the posterior aspect 
of one hemisphere, including those of other 
forms of primary intraventricular tumors, 
such as papillomas of-the choroid plexus, 
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ie., benign tumors which reproduce the 
structure of the choroid plexus, and tumors 
growit':s within the brain tissue but en- 
croacliing upon the lateral ventricles. 

The treatment of choroid plexus menin- 
giomas is total removal. The posterior 
parieta! area of the cortex is exposed. The 
brain is tense and the gyri are flat and wide 
over the tumor. On cannulation one en- 
counters the hard mass at a depth of 2 to 3 
centimeters. Because the tumor is large and 
deep, ii should be uncapped by removing 
an area of cortex about the size of a silver 
dollar as far behind the sylvian fissure as 
feasible. Dandy found that removal of the 
meningioma through a linear cortical in- 
cision was technically difficult and that 
laceration of the brain was produced by the 
retractors, which had to be held far apart. 
The exposure is adequate only if the tumor 
is uncapped. It can then be gently moved 
to one side to allow the feeding vessels at 
the base to be seen and clips to be applied. 
Serious and oftentimes fatal intraventricular 
bleeding can be avoided by adequate un- 
capping. If the tumor is too large to be 
moved, its size is reduced by the cautery 
loop until the nutrient vessels can be seen 
and can be divided. 

After the operation the patient is usually 
left with permanent homonymous hemi- 
anopsia and severe but transient receptive 
dysphasia. Focal or generalized seizures are 
common, but are easily controlled with 
anticonvulsants. Temporary exacerbation 
of mental disturbance, at times amounting 
to psychosis, is not unusual. 


ANALYSIS OF CASES 


Between 1927 and 1958, 7 persons with 
choroid plexus meningiomas underwent 
operation at the Cleveland Clinic Hospital. 
Two of the patients were males and 5 were 
females. The youngest patient was 3 years 
old and the oldest was 54 years old. The 
former was the youngest patient reported in 
the literature to have such a tumor. Exclu- 


ding her, the average age of our patients 
was 34 years. 


Four of the tumors grew within the tri- 
gone of the left ventricle. Complete removal 
was effected in all patients but 1. There 
were 3 postoperative deaths. Of the 7 tumors 
in the series, 5 were of the fibroblastic type, 
1 was a meningothelial meningioma, and 1 
contained both fibroblasts and meningo- 
thelial cells (Figs. 3, 4, and 5). 

Headaches, ataxia, and changes in higher 
integrative functions were the most con- 
sistent clinical features. They occurred, to 
varying degrees, in all patients. Three pa- 
tients exhibited contralateral homonymous 
hemianopsia, and 4 had contralateral hemi- 
paresis. Receptive dysphasia was present in 
3 patients as was a loss of hearing for high 
tones. Only 1 patient had occipital lobe 
seizures. Two patients had episodes of tran- 
sient blindness. 

Lumbar puncture was done in 2 patients 
with normal findings. In 3 patients, ventric- 
ulograms located the tumors. Pneumoen- 
cephalography was performed in 2 patients, 
but located the tumor in only 1. Carotid 
arteriography and electroencephalography 
were performed in only 1 patient; both pro- 
cedures located the tumor. 

In general, our cases are representative of 
those reviewed in the literature. 


SUMMARY 


1. The life history of meningiomas within 
the lateral ventricles is described, based on a 
study of 71 cases reported in the literature. 
Seven additional cases are presented. 

2. These tumors arise from the choroid 
plexus. It is proposed that they be called 
“choroid plexus meningiomas.” 

3. Choroid plexus meningiomas are most- 
ly of the fibroblastic type, although menin- 
gothelial and mixed types do occur. 

4. They usually grow within the trigone 
of the left lateral ventricle. 

5. Choroid plexus meningiomas occur 
most frequently in women in the fourth 
decade. 

6. If a woman in early middle age shows 
signs and symptoms of a slowly expanding 
lesion involving the parietal lobe of the left 
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hemisphere and the cerebellum, the diag- 
nosis of choroid plexus meningioma should 
be considered. 


7. The treatment is complete removal. 


Recovery, with permanent contralateral 
homonymous hemianopsia, transient recep- 
tive dysphasia, and transient mental aber- 
rations is usual. 
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RECONSTRUCTION OF THE COMMON BILE DUCT BY 
END- (O-END ANASTOMOSIS WITHOUT THE USE 
OF AN INTERNAL SPLINT OR STENT SUPPORT 


JOHN |. MADDEN, M.D., F.A.C.S., and WILLIAM J. McCANN, M.D., F.A.C.S., 


New York, New York 


IN RECONSTRUCTIVE OPERATIONS upon the 
common bile duct the necessity for either 
the temporary or prolonged use of a foreign 
body substance, such as a T tube, as an in- 
ternal splint or stent support was questioned. 
Accordingly, a study both experimental and 
clinical was undertaken. 

The first successful reconstruction of the 
common bile duct was performed by Kehr 
(8) on 31 January 1899 and reported in 
1905. The ends of the duct, accidentally sev- 
ered during a cholecystectomy, were pri- 
marily united end-to-end with interrupted 
sutures of silk. The patient was asympto- 
matic throughout the 6-year period of fol- 
low-up. In the same year Kehr (9) reported 
the second successful duct reconstruction 
which was the first successful secondary re- 
construction. The primary operation, a 
cholecystectomy, was performed 22 October 
1904. On 11 January 1905 a strictured seg- 
ment of duct was excised and a duct-to-duct 
anastomosis was performed using inter- 
rupted sutures of silk. The strands of the 
suture were left long and protruded through 
the abdominal wound. The sutures were ex- 
truded intermittently, the last one being re- 
moved 14 days after the operation. During 
the ensuing 11 month period of follow-up 
reported, the patient was without symptoms. 

Mayo, in 1905, was the first in the United 
States to unite by immediate direct anasto- 
mosis the cut ends of the hepatic and com- 
mon bile ducts after the accidental excision 
of 34 inch of the common bile duct while 
performing a cholecystectomy. Five inter- 
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rupted sutures of fine catgut were used to 
approximate the duct ends throughout 
three-fourths of their circumference, leaving 
a small gap anteriorly for drainage. The 
follow-up period reported was 2 years, 
during which time the condition of the pa- 
tient was excellent. 

In an extensive review of the world liter- 
ature up until 1951, 42 cases of end-to-end 
reconstruction of the common bile duct, 
either without the use of internal splint sup- 
ports or with internal splinting of relatively 
short duration, have been collected. There 
were 30, 71.4 per cent, reported as successful 
and 12, 28.3 per cent, as failures. However, 
in many of the cases reported as successes, 
the duration of follow-up was either un- 
known or too short to justify such a con- 
clusion. A follow-up period of 2 years is 
considered a minimum before reconstruc- 
tive operations upon the common duct 
should be considered successful. 


EXPERIMENTAL STUDY 


In this study 73 operations were per- 
formed on 56 dogs that were separated into 
4 groups (Fig. 1). 

Group 1 was comprised of 17 animals in 
each of whom a 2 centimeter segment of the 
common bile duct was resected and conti- 
nuity restored by an immediate end-to-end 
anastomosis without an internal splint sup- 
port. Three to 4 interrupted sutures of No. 
5-0 arterial silk usually sufficed to complete 
the anastomosis. The knots of the sutures 
posteriorly were on the inside of the lumen. 
There were no postoperative deaths. In 1 
dog, 5.8 per cent, a stricture was present at 
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Fic. 1. Experimental study of reconstruction of com- 
mon duct. The type of operation performed in each 
group of animals comprising the experimental study is 
depicted. a, Group 1 consisted of 17 animals. b, Group 
2 was comprised of all 17 animals in group 1 which were 
reoperated upon in the manner indicated. c, Group 3 
consisted of 13 dogs. d, Group 4 was comprised of 26 
dogs. T tubes were used in 16 of this latter group and 
catheters in 10. 


the site of anastomosis when it was reoper- 
ated upon 12 weeks later. 

In group 2 were the 17 animals in group 
1, all of whom were reoperated upon within 
12 to 14 weeks postoperatively. At the sec- 
ond operation a segmental resection was 
again performed which included the site of 
the previous anastomosis. An end-to-end 
anastomosis was then performed as in group 
1. It was thought that the performance of 
the anastomosis in the presence of surround- 
ing fibrous connective tissue would be more 
representative of the operative findings at 
the time of secondary operations in the 
human. After operation there were 4, 23.5 
per cent, immediate and no delayed deaths. 


The cause of each of the deaths was bile | 


peritonitis. The remaining 13 dogs, 76.4 
per cent, were sacrificed at varying intervals 
during the tenth to forty-third weeks ost- 
operatively and in 2, 15.3 per cent, siric- 
tures at the suture line were present. 

Group 3 was comprised of 13 animals. In 
each of the animals in this group the eull- 
bladder was removed and a double ligation 
with No. 2-0 silk was made in continuity cf 
the common duct immediately caudad to 
the ligated cystic duct. In each animal. 1 
week postoperatively, the ligated segment 
of the common duct was resected, and an 
end-to-end anastomosis between the dilated 
cephalad end and the narrow caudad end 
was performed without the use of an in- 
dwelling tube. As in the preceding group, 
interrupted sutures of No. 5-0 arterial silk 
were used. There were 6, 46.1 per cent, im- 
mediate and no delayed deaths. In each, 
the cause of death was bile peritonitis. The 
remaining 7 dogs, 53.9 per cent, were sacri- 
ficed within the eleventh to fourteenth week 
postoperatively, and in none was a stricture 
present. 

In group 4 there were 26 dogs in each of 
whom cholecystectomy and double ligation 
in continuity of the common duct was per- 
formed as in group 3. In each dog, 1 week 
postoperatively, the ligated segment was re- 
sected and in 16, 61.5 per cent, of the dogs 
an end-to-end anastomosis was performed 
utilizing the horizontal limb of a No. 10 F 
T tube as an internal splint. The vertical 
limb of the tube had its exit through an 
opening in the dilated segment of the duct, 
cephalad to the anastomosis. There was 1, 
6.2 per cent, immediate death due to bile 
peritonitis and no delayed deaths. There 
were no strictures. In 8 dogs, 50.0 per cent, 
the T tube was in place from 1 to 4 days 
and was removed by the dog. It was among 
these 8 that the 1 death occurred. In 7 dogs, 
43.7 per cent, the T tube was in place for 10, 
49, 64, 71, 76, 102, and 120 days, respec- 
tively. In 2 of these, 28.5 per cent, at 76 and 
102 days, the lumen of the tube was oc- 
cluded completely by encrustations of bile. 
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All of the animals were sacrificed between 
15 and 30 weeks postoperatively and in 
none was there a stricture. 

In the last of the 16 dogs the tube was in 
the common duct for 14 months before it 
was removed. Eight months later the dog 
was sacrificed. There was neither a stricture 
nor undue thickening of the wall of the duct 
in relation to the position of the T tube. 

In the remaining 10, 38.5 per cent, of the 
group of 26 dogs comprising group 4, a No. 
10 F catheter was inserted into the dilated 
duct segment proximal to the anastomosis 
for decompressive drainage. It was subse- 
quently extracted by the dog within 3 to 5 
days after operation. There were 6, 60.0 
per cent, immediate deaths due to bile peri- 
tonitis, in 2 of which it appeared to originate 
from leakage at the site of catheter drainage. 
The remaining 4 dogs, 40.0 per cent, were 
sacrificed between 7 and 14 months post- 
operatively. In none was there a stricture. 

In groups 1, 2, and 3 there were a total of 
47 operations performed on 30 animals with 


Fic. 3. 


Fic. 2. Cholangiogram, 10 days postoperatively, 
showing the adequate decompressive drainage of the 
bile ducts into the jejunum. 

Fic. 3. Preoperative and postoperative esophagrams 
show complete disappearance of esophageal varices 10 
months after a decompressive hepaticojejunostomy. 


10, 21.2 per cent, immediate and no delayed 
deaths. All of the deaths were caused by bile 
peritonitis secondary to leakage from the 
suture line. In 3 dogs, 6.4 per cent, postop- 
erative strictures occurred at the site of anas- 
tomosis. The high incidence of bile peri- 
tonitis and death, 21.2 per cent, in the dog is 
not believed a satisfactory basis on which to 
argue for the use of a T tube in the human 
for the following two reasons. First, peri- 
toneal drains were not employed because of 
the difficulty in preventing them from being 
extracted by the dog. Contrariwise, after a 
similar operation in the human, a sump 
drain would be used routinely. The value of 
peritoneal drainage in the prevention of bile 
peritonitis has been previously demonstrated 
by the studies of Lary and Scheibe. Second, 
bile peritonitis in the dog is much more 
lethal than in the human. Mentzer stated 
that the bile of dogs is approximately 40 
times more lethal than human bile when 
extravasated intraperitoneally. Ellis and 
Dragstedt suggested the relation of the 
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Fic. 4. a, The findings at the second operation in the patient who is 9 years post- 
operative are depicted. The incisions in the occluded ends of the common duct are 
indicated by dotted lines. b, The open ends of the severed common duct are stabilized 
by guy sutures of No. 5-0 silk and a probe is inserted through the lumen of the distal 
segment into the duodenum. This segment, though “defunctioned” for prolonged 
periods, retains its elastic and dimensibe x ualities. The sphincter of Oddi is gradually 
dilated to permit the passage of a No. 7 Bakes dilator. c and d, The through-and- 
through interrupted No. 5-0 silk sutures forming the posterior layer are all first in- 
serted, c, and then tied, d, the knots being on the inside of the lumen. e, The sutures 


which form the anterior layer are similarly inserted. 


greater toxicity to the presence of a fermen- 
tative, gram positive, strictly anaerobic ba- 
cillus in the liver of the normal adult dog. 
Wangensteen believed that the greater tox- 
icity was best explained by the fact that dog 
bile consists largely of taurocholic acid 
which is 12 to 20 times more toxic than 
glycocholic acid. Human bile contains 
largely glycocholic and relatively little tauro- 
cholic acid. Its relatively low toxicity is sub- 


stantiated by clinical experience. Landerer, 
after a traumatic tear of the common bile 
duct in a 16 year old boy, aspirated a total 
of 35 liters of bile from the peritoneal cavity 
at successive paracenteses. Recovery was 
complete. 

The 4 groups of dogs in the experimental 
study presented totaled 56 upon which 73 
operations were performed. Of this total 
there were 39 animals, 70.0 per cent, having 


08 
hac 
avi 
la mo 
; 
drain 4 
mc 
pe 
49. 
an 
in 
ext 
of : 
an 
th 
for 
da 
eit 
sit 
in 
tu! 
CL 
ce 
ha 
tic 
of 


derer, 
n bile 
1 total 
cavity 
y was 


nental 
ich 73 
total 


laving 


Madden and McCann: RECONSTRUCTION OF COMMON BILE DUCT 
Gall bl. 


Fic. 5. a, The operative findings in a patient, who is an 8 year follow-up, with 
acute trauma to the common duct are shown. The solid black lines indicate the 
sites of accidental transection of the common duct during the removal of an acutely 
inflamed gallbladder. b, The severed ends of the common duct are stabilized by 
angle sutures of No. 5-0 silk preparatory to performance of a primary end-to-end 
reconstruction. c, The posterior layer, and then, d, the anterior layer of the anas- 
tomosis are completed. The insertion of a sump drain which is not shown and 


had 56 operations performed that were 
available for chronic study relative to com- 
mon duct strictures. In 19 of the operations 
an indwelling T tube was used, and in the 
remaining 37 a primary duct-to-duct anasto- 
mosis without an internal splint support was 
performed. In 3 dogs, 5.3 per cent, common 
duct strictures occurred postoperatively. In 
49, 87.5 per cent, of the 56 operations either 
an internal splint support was not used, as 
in 37 dogs, or else used for periods not in 
excess of 10 days, as in 12 dogs. The number 
of strictures, namely 3, remained the same, 
an incidence of 6.1 per cent. 

Finally, it was observed that in none of 
the 7 dogs in whom the T tube was in place 
for periods varying from a minimum of 49 
days to a maximum of 14 months was there 
either stricture formation at the anastomotic 
site or localized thickening of the duct wall 


in relation to the location of the indwelling 
tube. 


CLINICAL STUDY 


During the 9 year period between De- 
cember 1951 and December 1960, 8 patients 
have been operated upon, and reconstruc- 
tion of the common duct has been performed 
by end-to-end anastomosis without the use 
of an internal splint or stent support. In 1 


closure of the wound complete the operation. 


additional patient, not included in this 
study, an end-to-end union was accom- 
plished, but because of the evident tension 
on the suture line the anastomosis was dis- 
mantled and an end-to-side choledochoje- 
junostomy with a complementary proximal 
jejunojejunostomy was performed. Because 
of several interesting clinical features per- 
taining to this patient, more information 
will be presented. 

The 8 patients, 5 women and 3 men, 
varied in age from 32 to 81 years, the aver- 
age age being 47 years. In 3 patients an in- 
jury to the common duct was recognized by 
the surgeon at the primary operation, a 
cholecystectomy, and an immediate end-to- 
end reconstruction was made. In 4 patients 
the duct reconstruction was carried out at 
intervals varying between 2 and 15 months 
after the primary operation, also a chole- 
cystectomy. In each of these 4 patients sec- 
ondary operations had been performed in 
unsuccessful attempts to reconstruct the duct 
prior to performance of the end-to-end 
anastomosis without an internal splint sup- 
port. The remaining patient was an 81 year 
old woman without jaundice, in whom a 
cancer of the gallbladder had invaded the 
wall of the subjacent common bile duct at 
its confluence with the cystic and common 
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Fic. 6. Intravenous cholangiogram 20 days after a 
primary end-to-end anastomosis of the common duct 
without an indwelling tube. The opposing arrows depict 
the outline of the reconstructed common duct. The 
normalcy of the intrahepatic biliary radicles cephalad 
and the entrance of the common duct into the duodenum 
caudad may be seen at the single arrow. 


hepatic ducts. The ductal lumen was not 
obstructed, being of normal caliber in diam- 
eter. On 6 October 1960, a cholecystectomy 
with segmental resection of the common he- 
patic and common bile ducts was carried 
out. The resultant 3.5 centimeter defect was 
easily bridged by a direct end-to-end anas- 
tomosis using interrupted sutures of No. 
5-0 arterial silk. The knots of the 7 sutures 
posteriorly were on the inside of the lumen. 
The postoperative convalescence was un- 
eventful. An intravenous cholangiogram 
performed 20 days after operation is de- 
picted in Figure 6. 

There was 1 postoperative death, 14.3 
per cent. This occurred in a 52 year old, 
deeply jaundiced woman who was consid- 
ered the worst risk. The patient was seen for 
the first time 4 months after the primary op- 
eration, a cholecystectomy, and 1 week after 
an unsuccessful secondary attempt at duct 
reconstruction. Jaundice had occurred 3 
days after the first operation and persisted 
with deepening icterus. After a preoperative 


preparation period of 7 days, a third opera- 
tion was performed. The transected and di- 
lated common hepatic duct was found com- 
pletely occluded 2 centimeters distal to its 
formation by the juncture of the right and 
left hepatic ducts. A transverse incision was 
made in the most dependent portion o/ the 
“blind” cul-de-sac thus formed and inime- 
diate decompression of the liver was ob- 
tained by the escape of large quantitics of 
white bile. The caudad severed end o! the 
common duct was mobilized from the revion 
of the head of the pancreas which was facili- 
tated by a transduodenal catheterization of 
the papilla of Vater. An end-to-end anasto- 
mosis was readily made without tension 
using interrupted sutures of No. 5-0 arterial 
silk. During the anastomosis the “bile” 
drainage changed rapidly from white to a 
grayish hue. Three hours postoperatively 
the patient had fully reacted and golden 
yellow bile was seen in the Levin tube. Ten 
hours postoperatively the patient suddenly 
expired. Twenty minutes prior to death the 
vital signs were stable and the patient’s gen- 
eral condition was considered satisfactory. 
A necropsy was not obtained. 

In this patient it may be properly argued 
that a 2 stage procedure as recommended 
by Cattell and Braasch should have been 
performed, the first stage being limited to 
the establishment of a decompressive ex- 
ternal biliary fistula. This procedure was se- 
riously contemplated, but when the caudad 
duct segment was isolated rather quickly, 
internal decompression by performance of 
an end-to-end anastomosis was chosen. This 
did not prolong unduly the operation 
throughout which the condition of the pa- 
tient was satisfactory. It may be of interest 
to know that the duration of the operation 
was shorter than in any of the survivors. 

The 7 survivors are alive and well. The 
minimum period of follow-up is 2 months. 
In the remaining 6 it varies from 2 years to 
9 years and 1 month. All of the patients with 
the exception of 1 have been asymptomatic 
to date. The only exception, 1 patient 2 
years postoperatively, has had one attack of 
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chills, fever of 102.6 degrees F., and fleeting 
icterus. This occurred 13 months postoper- 
atively and there have been no recurrent 
attacks during the succeeding 11 months. 
The over-all weight gain in this patient since 
operation is 45 pounds. 

During the same period as that of this 
clinical study, a similar one, independent of 
and unbeknown to us, was being made by 
Lytle (12, 13). In Lytle’s series, 8 operations 
were performed on 7 patients, 5 women and 
2 men, 1 patient having had 2 operations. 
The ages ranged from 26 to 69 years, the 
average age being 53.6 years. Three patients 
had had 1 previous operation, 2 had had 2 
previous operations, and in 2 patients the 
end-to-end anastomosis without an internal 
support was made at the primary operation. 
A satisfactory result was obtained in 6, 85.7 
per cent, of the 7 patients. The minimum 
follow-up period in these 6 patients is 8 
months. In the remaining 5, it varies be- 
tween a minimum of 26 months and a maxi- 
mum of 6 years and 8 months. Throughout 
this period all of the patients have remained 
asymptomatic. The 1 failure in this series 
occurred in a 55 year old man who had had 
2 previous operations within the preceding 
9 months, the second operation being a re- 
construction of the common duct over a T 
tube. The tertiary operation, an end-to-end 
anastomosis without a stent support, failed. 
In January 1959, 9 months later, a fourth 
operation, and the second end-to-end anas- 
tomosis without a stent support, was per- 
formed. To date, 23 months postoperatively, 
the patienthas remained asymptomatic. Ac- 
cordingly, the 1 failure in this series was 
corrected by performing the same type of 
operation a second time. 

When combined, the series of Lytle and 
the present series number 15 patients with 
13, 86.6 per cent, successes, 1, 6.6 per cent, 
failure, and 1, 6.6 per cent, death which 
occurred the day after operation. The 1 fail- 
ure in Lytle’s series was negated 9 months 
later at the fourth operation by a second 
primary end-to-end reconstruction without 
a stent support. Accordingly, when correct- 


ed, the combined series would total 15 pa- 
tients with no failures and 1, 6.6 per cent, 
death. The total number of operations would 
be 16 with 1 failure, 6.2 per cent, and 1 
death, 6.2 per cent. Stated in another way, 
it would be 93.3 per cent and 87.5 per cent 
successful results, respectively, in a follow-up 
study varying from a minimum of 2 months 
to a maximum of 9 years. 

The 1 additional patient previously men- 
tioned as being of pertinent clinical interest 
but who is not included in this study in- 
curred an injury to the common duct in the 
performance of a cholecystectomy. The in- 
jury in this 45 year old woman was recog- 
nized immediately by the surgeon, and the 
duct was reconstructed over a T tube which 
was allowed to remain in place for 18 
months during which time 3 to 4 minor at- 
tacks of chills, fever, and fleeting jaundice 
occurred. Subsequent to removal of the 
tube, these attacks increased in frequency 
and severity and were associated with ano- 
rexia, a weight loss of 35 pounds, hepato- 
megaly, and splenomegaly. Three and one- 
half years after operation and 2 years after 
removal of the T tube, an acute massive ex- 
sanguinating hemorrhage and shock oc- 
curred. The cause of the hemorrhage was 
bleeding esophageal varices secondary to 
portal hypertension which occurred as a be- 
lated complication of the common duct 
stricture. 

In the treatment of this patient it was 
elected to perform preferably a portacaval 
shunt to eliminate the hazard of recurrent 
hemorrhage from the esophageal varices 
and, if possible, a concomitant duct recon- 
struction. At operation, the preferred pro- 
cedure—a portacaval shunt—was finally 
considered an impossible task. Even if ac- 
complished, it would have obviously pre- 
cluded either a complementary or supple- 
mentary duct reconstruction. Accordingly, 
it was elected to correct the specific etiologic 
factor underlying the portal hypertension, 
namely, the common duct stricture. A 1 to 2 
centimeter cuff of the cephalad end of the 
common hepatic duct was secured by resec- 
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tion of a circumscribed section of the cir- 
rhotic liver which was approximately 2 
times its normal size. The spleen was 3 to 4 
times its normal size. After the isolation of 
the caudad duct segment, an end-to-end 
anastomosis was completed. However, the 
tension on the suture line was considered ex- 
cessive and the sutures were removed. The 
caudad end was ligated with No. 2-0 silk, 
the cephalad segment was anastomosed end- 
to-side to the jejunum, and a proximal je- 
junojejunostomy was established. Prior to 
the completion of the anterior layer of the 
choledochojejunostomy a No. 12 F catheter 
was inserted across the line of the anasto- 
mosis. The fenestrated end of the catheter 
extended into the lumen of the common he- 
patic duct and the bell end was inserted into 
the lumen of the efferent limb of jejunum 
and out through an opening in its anterior 
wall. It was then embedded in a 4 centi- 
meter length serosal tunnel, after the meth- 
od of Witzel, in the wall of the jejunum prior 
to its passage through the abdominal inci- 
sion to the skin surface. 

After completion of the operation the un- 
answered question was whether or not the 
obstructive biliary cirrhosis and the asso- 
ciated portal hypertension with esophageal 
varices were reversible once the underlying 
etiologic factor, the common duct stricture, 
was corrected. It was apparent that time 
only would answer this question. During the 
first 10 days after operation moderate hema- 
temesis occurred on 3 occasions, but none 
thereafter, and necessitated immediate blood 
replacement and balloon tamponage. In the 
event of further bleeding it had been decided 
to perform a splenectomy and splenorenal 
shunt. This procedure has been advocated 
and practiced by both Cole and Sedgwick 
and their associates as a preliminary or first 
stage procedure in the treatment of strictures 
of the common duct complicated by portal 
hypertension and bleeding esophageal var- 
ices. Its performance lessens the amount of 
bleeding in the operative field and thereby 
serves as a technical expediency in the per- 
formance of the definitive operation. A cho- 


langiogram (Fig. 2) was obtained through 
the indwelling catheter on the tenth day 
postoperatively and showed that the duct 
systems draining through the choledocho- 
jejunostomy were adequate in number and 
size to effect satisfactory liver decompres- 
sion. The catheter, a No. 12 F, was removed 
the same day the cholangiogram was taken, 
and 10 months postoperatively an esopha- 
gram showed complete disappearance of the 
varices (Fig. 3). The roentgenographic find- 
ings were associated with a progressive 
symptomatic improvement and diminution 
in the size of the enlarged liver and spleen. 
The patient, 25 months postoperatively, is 
in excellent health and has gained 40 pounds 
in weight. This case is reported in detail be- 
cause it showed the reversibility of the ob- 
structive biliary cirrhosis and the associated 
portal hypertension and esophageal varices 
once the specific etiologic factor, the duct 
stricture, was repaired. However, despite 
this success, a splenectomy and end-to-side 
splenorenal shunt as a preliminary or first 
stage procedure may be better advised. 


DISCUSSION 


In a review of the historical data relative 
to reconstructive operations upon the com- 
mon duct it was observed that the first suc- 
cessful results reported were those that fol- 
lowed end-to-end anastomoses without the 
use of an internal splint or stent support. It 
was not until about 1913 that the T tube, 
first introduced in 1904 by Deaver of Phila- 
delphia and popularized by Hans Kehr in 
Germany, was being used with increasing 
frequency throughout Europe and the Unit- 
ed States. The experimental studies of Sulli- 
van were an additional stimulus to its em- 
ployment in America. Subsequently, and up 
to the present, the T tube has been used 
more or less routinely after exploration of 
the common duct, and its use is generally 
considered mandatory when an end-to-end 
duct reconstruction, either immediate or de- 
layed, is performed. Furthermore, it is the 
consensus of belief that to obtain the best 
results it is compulsory to maintain the tube 
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in place for at least 6 to 9 months and in 
some selected cases even longer. 

It is believed that the use of the T tube is 
empiric and based on the a priori reasoning 
that without it failure is inevitable. Certain- 
ly, its use was not motivated by a series of 
failures, either experimental or clinical, after 
primary end-to-end anastomosis of the com- 
mon duct without an implanted tube sup- 
port. In fact, in the collected series previous- 
ly mentioned the satisfactory results, 71.4 
per cent, that follow this method of repair 
are equally as good as or better than those 
obtained with the use of the T tube—50 to 
63 per cent. 

Theoretically, and on the basis of experi- 
mental facts, the main objection to the pro- 
longed use of an indwelling T tube is that it 
is a foreign body and as such may produce 
what one is trying to prevent, viz., foreign 
body tissue reaction and secondary fibrous 
connective tissue contraction. This is na- 
ture’s attempt to either wall off or reject the 
intruder. 

In prior years the T tube was frequently 
used as a bridge to unite the severed ends of 
the common duct in the expectation that if 
it was kept in place for a sufficient time, 9 to 
18 months, a mature epithelial connecting 
bridge would be formed. This, it was 
thought, would permit the removal of the 
tube without the danger of occurrence of a 
secondary fibrous stricture. Although suc- 
cesses have been reported by Eliot (4, 5) 
utilizing this method, it is believed that it 
will more frequently than not fail. 

The importance of the principle of duct- 
to-duct and mucosa-to-mucosa union with- 
out tension, even though T-tube implanta- 
tion is practiced, is emphasized by Cattell 
whose experience in reconstruction opera- 
tions upon the common duct is unparalleled. 
If this basic tenet is acceptable to those who 
prefer the use of a T tube, its maintenance 
in situ for periods beyond 3 weeks is ques- 
tioned. It may be argued that in those in- 
stances in which the tube came out sponta- 
neously within the first 2 to 3 weeks postop- 
eratively, recurrence of the stricture was in 
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the main inevitable. This immediately raises 
the question of why the T tube came out. In 
answer to this query it is believed that the 
primary or basic reason is a disruption of 
the suture line which would preclude its re- 
tention. Consequently, a stricture inevitably 
occurred not because the T tube came out 
but for the same reason previously men- 
tioned, dehiscence at the suture line. This 
disruption would prevent primary healing 
of the anastomosis. In 2 of the patients pre- 
sented, dehiscence at the suture line was 
proved the factor for expulsion of the T tube 
within 10 days of its insertion. 

Cole has demonstrated that in the per- 
formance of a choledochojejunostomy an in- 
ternal T tube splint is not required if accu- 
rate epithelium-to-mucosa union without 
tension is obtained. Although our own ex- 
perimental data in group 4 did not show 
any untoward effects after the prolonged 
use of a T tube, those of Harridge and Lary 
and Scheibe showed that the longer a tube 
remained in situ the greater was the inci- 
dence of chronic inflammatory reaction and 
associated localized thickening of the portion 
of the wall of the common duct that was in 
contact with the tube. Furthermore, the 
studies of Harridge also demonstrated that 
the continuous drainage of bile through an 
indwelling T tube located completely prox- 
imal to the site of an end-to-end anastomosis 
of the common duct predisposed to the oc- 
currence of a stricture at the suture line. 
Contrariwise, if the vertical limb of the T 
tube was clamped and bile was permitted to 
flow continuously across the anastomotic 
site, no stricture occurred. Accordingly, it 
was believed that with proximal decompres- 
sion prevented, the flow of bile under its 
normal intraductal pressure relationships 
exerted a gentle dilating effect on the suture 
line and was considered a prophylaxis for 
stricture of the anastomosis. 

In a review of the experimental and clin- 
ical data presented, it is believed that pri- 
mary reconstruction of the common bile 
duct by end-to-end anastomosis without an 
internal splint or stent support and without 
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Exiot, Jr. The repair and reconstruc. 


tension on the suture line is a logical and 
feasible operation. 


CONCLUSIONS 


In reconstructive operations upon the 
common duct, the use of a T tube should be 
considered selective. Its routine use is be- 
lieved empiric and not based on the failure 
of primary end-to-end anastomosis without 
an internal splint support. 

In both the experimental dog and the 
human, reconstruction of the common bile 
duct by end-to-end anastomosis without the 
use of an internal splint support and without 
undue tension on the suture line is believed 
a logical and feasible operation. 
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POSSIBLE RELATION OF A PLASMA ENZYME 
ACTIVITY TO ‘THROMBOEMBOLISM 


J. L. KOPPEL, Ph.D., DOROTHY MUELLER HOUGH, A.B., and 
JOHN H. OLWIN, M.D., F.A.C.S., Chicago, Illinois 


HypERCOAGULABILITY of the blood has been 
considered by many to be an important 
factor in the development of intravascular 
clotting. We have previously written on 
methods for anticipating it, (9) and many 
different approaches have been made to- 
ward the solution of this problem, among 
them that of Spittel and associates. In recent 
years evidence suggesting the existence in 
plasma of a prethrombotic state has been 
reported by Alexander and associates and 
by Wessler and Deykin. Although, from a 
practical point of view, the detection of such 
a hypothetical prethrombotic state would 
be of prime importance, there is as yet no 
unanimity of opinion on a reliable means 
for its detection. 

During earlier studies comparing the re- 
sults of the two-stage plasma prothrombin 
assay of Ware and Seegers with those given 
by the tosyl-arginine methyl ester (TAMe) 
method of Glueck and associates we ob- 
served (2) that certain plasmas exhibited 
TAMe esterase activity even in the absence 
of prior activation with tissue thromboplas- 
tin. The simultaneous finding that plasmas 
from patients on prothrombin-depressant 
therapy consistently lacked this activity, to- 
gether with the fact that those from patients 
with a past history of thromboembolism, by 
contrast, often showed unusually high ac- 
tivity stimulated us to a more detailed study 
of this observation. 

The first problem was to increase both 
the sensitivity and reliability of the basic 
. From the Coagulation Research Laboratory, Department of 
Se. Luke’s Hospital (affiliated with the 

Sue edicine, University of Illinois), Chicago. 
upported by the Medical Research and Development Board, 


of the Surgeon General, Department of the Army, under 
Contract No. DA-49-007-MD.275" 
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procedure, and various modifications of the 
original method have been tested during the 
past 3 years. With the use of the most recent 
modification, laboratory data have been 
obtained on 445 adult patients—256 males 
and 189 females—with a variety of clinical 
conditions, most of these being in the gen- 
eral category of thromboembolism. Although 
we are continuing to examine possible im- 
provements in the technique, a preliminary 
report on the current method and on the 
data appears warranted at this time. It is 
our purpose to describe in detail the method 
used as evolved to this point, to report pre- 
liminary clinical experience with it, and to 
include certain theoretical considerations as 
to the possible nature of the activity or ac- 
tivities measured. 


METHODS AND MATERIALS 


Collection of blood. Blood is collected by 
means of the two-syringe technique. Nine 
volumes of blood are added to one volume 
of 3.2 per cent sodium citrate and the mix- 
ture is gently inverted four or five times in 
order to insure proper mixing. It is then 
centrifuged at room temperature for 10 min- 
utes at 3,600 revolutions per minute (1,650 
g). Blood samples should be centrifuged 
within 2 hours of collection and the result- 
ing plasma samples must be frozen if the 
assay is not made the same day. If necessary, 
plasmas may be stored at —40 degrees C. 
for a maximum period of 1 week. They may 
be thawed for use only once. 

Procedure for plasma tosyl-arginine methyl 
esterase assay. The method to be described 
represents a modification of the procedure 
for the determination of trypsin described 
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by Rhodes, Hill, and Feeney. Data essen- 
tially similar to those produced with this 
modification have also been obtained by 
means of an automatic, constant-pH titra- 
tion technique. 

Plasma is defibrinated as follows: To 0.25 
milliliter of plasma are added 0.20 milliliter 
of tris buffer and 0.05 milliliter of thrombin. 
The resulting clot is wound out 3 to 4 min- 
utes after its formation. The plasma is then 
allowed to stand at room temperature for 
exactly 1 hour after the addition of throm- 
bin. Different plasmas can be defibrinated 
at 3 minute intervals, the respective time for 
each one being noted. 

For every plasma to be assayed duplicate 
tubes are prepared, each containing 0.10 
milliliter of phenol red indicator and 0.57 
milliliter of tris buffer. A tube containing 
tris buffer only is used to adjust the spectro- 
photometer to 100 per cent transmission. 
TAMe is dissolved in tris buffer 10 minutes 
before it is to be used. Asolectin is soaked in 
tris buffer for about 1 hour at room temper- 
ature and the resulting suspension is mixed 
thoroughly before use. 

The tubes containing the indicator and 
buffer are placed in a water bath at exactly 
37 degrees C. about 10 minutes before the 
addition of the other components. Exactly 
1 hour after defibrination the following re- 
agents are added to each tube in the order 
given: 0.30 milliliter of asolectin, 0.05 milli- 
liter of defibrinated plasma, 0.30 milliliter 
of calcium chloride, and 0.20 milliliter of 
TAMe. Immediately after the addition of 
TAMe each mixture is inverted, a piece of 
parafilm paper being placed between the 
open end of the tube and the finger, and the 
optical density is read at 565 millimicrons. 
The tubes are then placed into the water 
bath for incubation at 37 degrees C. Exactly 
2 hours after the initial optical density read- 
ing each tube is gently agitated to insure 


uniform mixing and the final reading is 
taken. 


The reagent blank is prepared in the same 
manner as the assay mixture except for the 
substitution of tris buffer for plasma. This 


blank measures the inherent or nonenzy- 
matic TAMe breakdown of the assay mix. 
ture under the particular conditions used, 
such as temperature, pH, and ionic environ- 
ment. The difference between the 0 time 
and 2 hour blank optical densities is sub- 


tracted from the corresponding difference ff 


obtained for each plasma mixture, and the 
duplicate results obtained are averaged. 
Enzyme activity is expressed in terms of 2 
hour optical density differences resulting 
from enzymatic TAMe breakdown under 
the conditions of the assay. 

When the assay is carried out in the pres- 
ence of soybean trypsin inhibitor (SBTI) 
the volume of tris buffer in each tube is re- 
duced to 0.54 milliliter, and 0.03 milliliter of 
the inhibitor is added to the mixture prior 
to the addition of calcium chloride. 

Reagents. The reagents employed are: (a) 
tris buffer, sigma 7 to 9, 0.025 molar, px 
8.20; (b) phenol red, 0.015 per cent in 0.025 
molar tris buffer, pH 8.20; (c) asolectin, 
(purified soybean phosphatides), 80 milli- 
grams per 100 milliliters 0.025 molar tris 
buffer, px 8.20. Stable at room temperature 
for about 8 hours; (d) calcium chloride, 
fortieth molar in 0.025 molar tris buffer, px 
8.20; (e) TAMe, (p-tosyl-arginine methyl 
ester hydrochloride), 0.20 molar in 0.025 
molar tris buffer, pH 8.20. Stable in solution 
for about 4 hours only; (f) thrombin, ap- 
proximately 100 units per milliliter of phys- 
iologic saline. This is stored in small aliquots 
at —40 degrees C. for a maximum period of 
1 month; and (g) soybean trypsin inhibitor 
(SBTI), 26 milligrams per milliliter 0.025 
molar tris buffer, px 8.20. 

Equipment. The equipment includes (a) 
a Coleman junior spectrophotometer; (b) 
cuvettes, 12 by 75 millimeters; and (c) a 
water bath, 37 degrees C. 

Selection and grouping of clinical material. 
‘‘Normal” patients included a group of 118 
adults between the ages of 19 and 75 years 
made up of hospital personnel, staff mem- 
bers, patients from office practice, and em- 
ployees of a large, metropolitan industrial 
organization. They were considered “nor 
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mal” in the absence of apparent disease or 
history of serious illness. 

Abnormal patients to be reported on at 
this time totaled 178 on whom a diagnosis 
of one or more of the following conditions 
had been made: Acute thrombophlebitis, 
deep and superficial; central retinal vein 
thrombosis, acute and subsiding; acute 
coronary thrombosis; and arterial embo- 
lism. Also included were patients with a his- 
tory of thromboembolism, in most cases 
thrombophlebitis, and others with a history 
of coronary thrombosis. In view of the diffi- 
culty in making a definite diagnosis in certain 
patients with suspected thrombophlebitis, 
effort was made to separate doubtful cases 
from those with more certain diagnoses. 

A third group consisted of 49 patients in 
the second or third trimesters of apparently 
normal pregnancy. 

An additional group was made up of pa- 
tients maintained on controlled prothrom- 
bin-depressant anticoagulant therapy. This 
therapy had been instituted in most cases 
because of acute or recurrent thromboem- 
bolism or a history of thromboembolism or 
both. The members of this group were con- 
sidered of particular interest because of the 
earlier observation that plasmas from such 
patients had consistently little or no ap- 
parent TAMe esterase activity and because 
of the possible significance of this finding in 
the study of the problem of thromboem- 
bolism. Since the results obtained from this 
group were unilaterally consistent, the study 
on this series was discontinued after data on 
100 patients had been collected. This group 
was made up of 64 males and 36 females. 
The prothrombin-depressant drugs used in- 
cluded dicumarol, tromexan, phenylinda- 
nedione, dipaxin, liquamar, warfarin, sin- 
trom and miradon. Control of therapy was 
carried out by the use of the 2-stage pro- 
thrombin assay of Warner and associates as 
modified by Ware and Seegers. 


RESULTS 


A summary of the results obtained is 
shown in Table I. The data are presented 


TABLE I.—FREQUENCY OF TAMe ESTERASE AC- 
TIVITY ABOVE CERTAIN ARBITRARILY SE- 


Per cent. 
Above 
150 
25 


58 


48 


pregnant females 25 


In second trimester 
of pregnancy 23 

In third trimester 
of pregnancy 26 =100 38 15 
*In 6 patients of this group of acute thromboembolism 


was considered questiona! 4 were within the normal range 
and 2 were above normal. 


in terms of the frequencies of observed 
TAMe esterase activities above certain lev- 
els, the activities themselves being the 2 hour 
optical density differences observed in the 
respective assay mixtures. On the basis of 
these frequencies, and for purposes of dis- 
cussion, the “normal” range of esterase 
activity has been tentatively defined as be- 
ing between 50 and 150. At this stage of the 
study the results obtained appear to be in- 
dependent of the patient’s age and sex. It 
is apparent for each group of patients that, 
with increasing esterase activity, the propor- 
tion of cases above the various arbitrarily 
established levels diminishes. However, it 
will be noted that there are definite fre- 
quency differences between the several pa- 
tient groups at various levels of esterase ac- 
tivity, particularly the higher ones. Thus, 
whereas only 10 per cent of presumably 
normal patients exhibit esterase activities 
above 200, those with a history of thrombo- 
embolism have similarly high activities with 
a frequency of 40 per cent, and those with 
acute processes, with a frequency of 26 per 
cent. In most instances, the esterase activity 
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was highest within the first few days imme- 
diately after the onset of the thromboem- 
bolic episode and dropped to lower and, 
often, normal levels within the subsequent 
2 weeks. Although quantitatively similar ob- 
servations were obtained for patients with 
acute coronary thrombosis, it is of interest 
that data on patients with a history of this 
disease are not significantly different from 
those obtained on normal patients. In this 
connection may be mentioned the report by 
McDonald and Edgill of an apparently in- 
creased clotting tendency in ischemic heart 
disease and the observations by Mustard of 
an increase in individual coagulation fac- 
tors in generalized atherosclerosis. A pos- 
sible interpretation of the differences be- 
tween the data on patients with venous 
thrombosis as opposed to those with arterial 
occlusion will be discussed in a later section. 

Data obtained to date in the group of ap- 
parently normal pregnant patients indicate 
little if any differences in the second tri- 
mester from those obtained in “normal” 
nonpregnant females. In the third trimester, 
however, there appears to be a definite in- 
crease in the frequencies of esterase activity 
at the various arbitrarily selected levels. For 
each level, however, these frequencies were 
below those observed in the group with 
thromboembolism. 

Excessive esterase activity in “normal” 
patients, those in acute thromboembolic 
episodes, and those with histories of throm- 
boembolism was always reduced to a normal 
range by therapy with prothrombin-depres- 
sant drugs. Such depressed levels were ob- 
served in all patients on therapy whether it 
had been recently instituted or maintained 
over a period of years. In none of the 100 
patients studied was esterase activity found 
to be above 150 and in only 1 case was it 
observed above 100. All drugs appeared to 
be similar in their ability materially to re- 
duce the esterase activity in the respective 
patients. The time required to depress the 
esterase activities in their plasmas was al- 
ways somewhat longer than that which we 
have found necessary to reduce plasma pro- 


thrombin and factor VII to therapeutic con- 
trol levels (3). It is of interest in this connec- 
tion that in a few patients maintained on 
intravenous heparin therapy alone there was 
little or no apparent change in the level of 
esterase activity. 


DISCUSSION 


Any attempts to interpret the findings re- 
ported in this paper and to assess their pos- 
sible significance will obviously be aided by 
the identification of the factor or factors re- 
sponsible. Although the information at 
hand does not as yet allow definite conclu- 
sions on this point, the following comments 
would appear to be appropriate. For the 
production of maximum esterase activity it 
is essential that (a) the plasma to be assayed 
be defibrinated and, subsequently, diluted 
rather extensively and that (b) both calcium 
and phospholipid be present in the assay 
system. Although it is apparent that this 
system essentially contains all the compo- 
nents known to be required for intrinsic 
thromboplastin generation, there does not 
seem to be any advantage in allowing them 
to preincubate for some time prior to the 
addition of TAMe. The fact that, in all 
cases studied, the esterase activities produced 
are completely inhibited by soybean trypsin 
inhibitor indicates that they are not due to 
thrombin either still left in the plasma as a 
result of its defibrination or newly formed in 
the presence of calcium and phospholipid. 
It is not known at this time whether the ac- 
tivities measured are due to one or more 
plasma enzymes; neither is it known whether 
differences in enzyme activities are caused 
by differences in enzyme concentration, dif- 
ferences in inhibitor concentration, or both. 
Data obtained by us with a variety of other 
synthetic substrates would appear to suggest 
that the activities measured are not due to 
the presence in plasma of free trypsin, plas- 
min, or plasminogen activator (3). As regards 
a possible involvement of the first compo 
nent of complement, insufficient information 


is available at this time to support even 4 ff 
clevat 
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found some evidence to indicate that varia- 
tions in the plasma level of plasma thrombo- 
plastin component (PTC) may be related, at 
least partially, to the TAMe esterase activ- 
ities observed under the conditions of this 
assay. Thus, the possibility would appear to 
exist that they are due to one or more 
thromboplastin intermediates or precursors 
already present in the plasmas studied or 
formed in the presence of calcium and phos- 
pholipid or both. It is of interest in this con- 
nection that intrinsic thromboplastin inter- 
mediates, products I and II, prepared from 
purified coagulation components do exhibit 
varying levels of TAMe esterase activity and 
that the activities of both these intermediates 
are completely inhibited by soybean trypsin 
inhibitor (8). It is of additional interest that 
thromboplastin generation mixtures pre- 
pared with plasma and serum components 
from groups of patients similar to those re- 
ported upon in this study have also been 
found by us to exhibit esterase activity and 
that the latter vary from group to group in 
a similar and respective fashion (4). 

The observation that high esterase activ- 
ity is more frequently present in patients 
with either acute thromboembolism or his- 
tories of the disorder than in the “normal” 
control group may be related to the so- 
called prethrombotic state. The results indi- 
cate a difference between those in the acute 
stages and those with a history of thrombo- 
embolism. The data, at this point, do not 
allow a definite conclusion that this differ- 
ence is real. The fact that of the patients 
studied during the acute stages those in the 
later periods after the acute onset had lower 
esterase activities than those in the earlier 
stages of the disease may be responsible for 
these differences. The finding of lower es- 
terase activities in the later stages suggests 
the presence of a native inhibitory mecha- 
nsm having progressively increasing effi- 
ciency. 

_The limited data obtained here on pa- 
ents with a questionable diagnosis of 
thrombophlebitis included both normal and 
 Clevated esterase activities. Further expe- 


rience with this type of case may suggest a 
means of arriving at a more certain diag- 
nosis and facilitating the decision as to the 
institution of therapy. 

In the group of patients with coronary 
thrombosis there was a greater frequency of 
higher esterase activity levels in the acute 
cases than in those with past histories. This 
is the reverse relation to that found in the 
corresponding groups in patients with throm- 
bophlebitis. Because of the small number of 
acute cases in the coronary group and be- 
cause of the fact that all of them were ob- 
served within the first 2 days after the acute 
onset, this observation must be considered 
preliminary. In a comparison of the coro- 
nary patients with those having thrombo- 
phlebitis, the cause of arterial and venous 
occlusion must be considered. The gradual 
narrowing of an artery by atheroma and its 
final occlusion by the thrombus is contrasted 
to the complete occlusion of the vein by the 
thrombus. These phenomena along with 
our data suggest a greater role of the pre- 
thrombotic state in venous than in arterial 
occlusion. However, this does not minimize 
the possibility of a gradual, long-range in- 
fluence of the prethrombotic state on athero- 
genesis itself and may lend support to 
Duguid’s hypothesis relating these two phe- 
nomena. 

With respect to the data obtained on pa- 
tients in the second and third trimesters of 
normal pregnancy it is of interest to recall 
that increases in various coagulation factors 
suggesting the development of a prethrom- 
botic state in such patients have been re- 
ported by us (12), Alexander and associates, 
and Pechet. Data obtained in this study 
appear to indicate a gradual rise in the fre- 
quency of elevated esterase levels as preg- 
nancy progresses. Although high levels were 
not observed with the same frequency as in 
the thromboembolic group, the data sup- 
port the concept of the development, in 
some cases, of a prethrombotic state during 
pregnancy. The problem of the prophylactic 
treatment with anticoagulants of pregnant 
patients having a history of thrombophle- 
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bitis is still unsolved. The danger of serious 
hemorrhage with or without abortion in 
such patients placed on controlled anticoag- 
ulant therapy cannot be minimized. We 
have employed prophylactic treatment in 
1 pregnant patient with a history of throm- 
bophlebitis in the puerperium 18 months 
earlier by reducing her prothrombin level 
to approximately 50 per cent of normal from 
the first trimester through delivery. This re- 
sulted in a reduction of a prepregnancy as 
well as pretherapy elevated esterase activity 
to below normal levels, and full term deliv- 
ery was accomplished without bleeding or 
thromboembolic complications. This ap- 
proach suggests a possible means of safely 
and effectively treating this type of patient. 
The extreme uniformity of the effects pro- 
duced by all prothrombin-depressant drugs 
in all plasmas studied would appear to indi- 
cate that one or more of the factors known 
to be depressed by such therapy are involved 
in the development of the TAMe esterase 
activity as measured in the assay. The ob- 
servation that plasma esterase activity of pa- 
tients on such therapy does not decrease as 
rapidly as prothrombin and factor VII may 
be related to the fact that plasma thrombo- 
plastin component (PTC) is also, in most 
cases, depressed more slowly than these two 
coagulation factors. Data obtained in our 
laboratory (5) indicate that purified PTC 
preparations exhibit TAMe esterase activity 
and that this activity is increased in the pres- 
ence of calcium and phospholipid. Thus, it 
would appear that PTC may be, at least in 
part, responsible for the esterase activity in 
“normal” plasma and a decrease in PTC 
for the reduction of esterase activity in the 
plasmas of patients on prothrombin-depres- 
sant therapy. Such a tentative interpreta- 
tion may also be consistent with reports that 
serum thrombotic accelerator (STA) activ- 
ity is absent from sera from PTC-deficient 
patients, according to Wessler and Reimer 
(19), and from those of dogs maintained on 
controlled dicumarol therapy, in the studies 
of Deykin and associates (5). 
The finding of significantly elevated es- 
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terase activity above 200 in 10 per cent of 
“normal” patients may be interpreted as 
possibly indicating a latent prethrombotic 
state in such patients. The fact that they 
have not as yet shown clinical evidence of 
clotting may be explained by assuming the 
existence of one or more inhibitory or neu- 
tralizing influences which we are not now 
measuring or of which we may not be aware. 
However, the balance between the forces 
represented by the esterase activity and 
those working against it may be more readily 
disturbed and the chain of coagulation phe- 
nomena more easily “‘triggered” in these 
patients than in the other “normals” not 
showing excessively elevated esterase levels. 
This interpretation is highly speculative, 
and only extensive future observations will 
serve to confirm or negate such a hypothesis. 


SUMMARY 


In the presence of calcium and phospho- 
lipid, defibrinated citrated human plasma 
has been found capable of hydrolyzing tosyl- 
arginine methyl ester (TAMe). Details of 
the procedure for the determination of this 
plasma enzyme activity have been presented. 
Data obtained with this method indicate a 
significant increase in the frequency of ex- 
cessively high esterase levels in patients with 
past histories of thromboembolism over that 
found in individuals without such histories. 
Increased enzyme activity is also observed 
during the first few days after the onset of a 
thrombotic episode, subsequently dropping 
to normal levels for a variable period of 
time. Excessive esterase activity shown by 
these patients and those with histories of 
thrombosis is always reduced to a normal or 
below normal range by therapy with pro- 
thrombin-depressant anticoagulant drugs. 

It is not known at this time whether the 
activity measured is due to a single or to 
multiple plasma enzymes. Neither is it 
known whether differences in enzyme activ- 
ities are caused by differences in enzyme 
concentration, differences in inhibitor con- 
centration, or both. Data have been ob- 
tained to suggest that the activity is not due 
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to trypsin, thrombin, plasmin, or plasmino- 
gen activator, although it may be related, at 
least partially, to the plasma concentration 
of plasma thromboplastin component (PTC, 
factor 1X). Possible practical applications of 
these findings have been discussed. 


REFERENCES 


i. 


. Koppet, J. 


ALEXANDER, B., Meyers, L., Kenny, J., Gop- 
sTEIN, R., GuREvicH, V., and Grinspoon, L. 
coagulation in pregnancy; proconvertin a 
rotbromsbia, and the h agulable state. N. 
England J. M., 1956, 254: 358. 


. Arscott, P. M., J. L., and J. H. 


Experience with the TAMe assay during anticoag- 
ulant therapy. J. Laborat. Clin. M., 1958, 51: 805. 


. Idem. Variations in a plasma enzyme activity with 


special reference to patients with thromboembolic 
tendencies. J. Laborat. Clin. M., 1958, 52: 962. 


. Idem. Arginine esterase activity of “‘blood thrombo- 


plastin.” Nature, 1959, 183: 753. 


. Deyxin, D., WEssLER, S., and Remer, S. M. Serum 


thrombotic accelerator (STA) activity as a measure 
of the antithrombotic effect of dicumarol. J. Clin. 
Invest., 1960, 39: 981. 


. Ducut, J. B. Thrombosis as a factor in the patho- 


enesis of aortic atherosclerosis. J. Path. Bact., 
nd., 1958, 60: 57. 

Guveck, H. I., SHerry, S., and Troii, W. Assay of 
lasma prothrombin with a synthetic substrate. 
roc. Soc. Exp. Biol., N. Y., 1954, 87: 646. 

.» Houcn, D., Arscott, 

P. M., and O_win, J. H. TAMe esterase activity 

resulting from blood thromboplastin formation. 

Am. J. Physiol., in press. 


9. 


10. 


11. 


Kopret, J. L., and Oxwin, J. H. Physiologic as- 
pects of intravascular clotting. Am. J. Cardiol., 
1959, 4: 585. 
McDona_p, L., and M. Coagulability of 
the blood in ischaemic heart disease. Lancet, Lond., 
1957, 2: 457. 
Mustarp, J. B. Blood coagulation during alimen- 
tary lipaemia in subjects with and without clinical 
nn of atherosclerosis. Canad. M. Ass. J., 1958, 
Otwin, J. H., and ALten, E. Plasma prothrombin 
durin: ancy and puerperium. Am. J. 
Obst. Gyn., 1950, 60: 1363. 
Pecuet, L. Elevated factor VII and X in preg- 
nancy, a “‘h 0. ”” state. J. Clin. Invest., 
1960, 39: 1015. 
Ruopes, M. B., Hitt, R. M., and Feeney, R. E. 
Spectrophotometric determination of trypsin and 
trypsin inhibitors. Anal, Chem., 1957, 29: 376. 
SpitTet, J. A., Pascuzz1, C. A., THompson, J. H., 
and Owen, C. A. Acceleration of early stages of 
coagulation in certain patients with occlusive ar- 
terial or venous diseases; use of a modified thrombo- 
lastin generation test to evaluate clot acceleration. 
— ayo Clin., 1960, 35: 37. 
Wart, A. G., and Seecers, W. H. Two-stage pro- 
cedure for the quantitative determination of pro- 
thrombin concentration. Am. J. Clin. Path., 1949, 
19: 471. 
Warner, E. D., BrinxHous, K. M., and Smirn, 
H. P. A quantitative study on blood clotting; pro- 
thrombin fluctuations under experimental condi- 
tions. Am. J. Physiol., 1936, 114: 667. 
Wesster, S., and Deyxin, D. Theory and practice 
in acute venous thrombosis; a reappraisal. Circula- 
tion, 1958, 18: 1190. 


. WessterR, S., and Remer, S. M. The role of human 


coagulation factors in serum-induced thrombosis. 
J. Clin Invest., 1960, 39: 262. 


it of 
Otic = 
they 
e of = 
‘the 
neu- 
ow = 
are, ‘see 
13. 
and pas 
dily 14. | 
Dhe- 15 x ve 
not 
5 16. Aged 
6 
pho- 
18. 
osyl- 8 
ls of 
ited. 
ite a 
with 
that 
wries. 
rved 
ofa 
d of 
n by >, 
es of 
pro- 
r the 
or to 
is it 
.ctiv- 
cor 
ob- 
t due 
“4 


ESTIMATION OF TOTAL BODY POTASSIUM IN PATIENTS 
WITH URETEROSIGMOIDOSTOMIES 


J. S. ANSELL, M.D., Seattle, Washington, R. W. GEIST, M.D., and 


C. D. CREEVY, M.D., Minneapolis, Minnesota 


THE DEVELOPMENT of hypokalemia follow- 
ing ureterosigmoidal transplantation was 
first noted by Foster, Drew, and Wiss. That 
this condition reflects depletion of total body 
stores of potassium has been inferred on 
theoretic grounds, by electrocardiography, 
histologic examination of the kidneys, and 
potassium replacement therapy. In the 
present article, measurements of total body 
potassium in such individuals are presented. 

The methods used for measurement of 
body potassium were a combination of those 
described by Corsa (6) and Aikawa and 
their associates. Sterile solutions of radio- 
active potassium (K*) chloride were ob- 
tained. The specific activity of the material 
was approximately 0.350 microcurie per 
milligram of potassium. Following an 8 hour 
fasting period, each adult received ap- 
proximately 100 microcuries (200X105 
counts) of K*® intravenously. Children re- 
ceived approximately one-half the adult 
dose via the same route. Control serums and 
urines were obtained prior to injection of 
the tracer. All urine and feces excreted were 
collected for 24 hours after administration 
of tracer K*. The subjects took normal diets 
until 16 hours after the tracer was given. As 
close as possible to 24 hours after the ad- 
ministration of the tracer, an aliquot of 
urine (combined urine and fecal material in 
the patients with ureterosigmoidostomies) 
was obtained as an equilibrium specimen. 
Aliquots were then divided for duplicate 
counts and potassium determinations. Four 
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milliliter aliquots were counted for a total 
of 3,000 counts per sample. Total counts 
excreted for the 24 hour period after admin- 
istration of the tracer were calculated from 
counts of 4 milliliter aliquots of the mixed 
collected excreta. All counts were corrected 
for decay back to the time of administration. 
Total body potassium was determined from 
the following formula: 

Total body potassium = 

100% counts excreted 


% counts in equilibrium sample x mEq. 


The solid material in the combined feces 
and urine of the patients with ureterosig- 
moidostomies was less than 10 per cent of 
the total volume of the counted aliquots. 
Duplicate counts varied less than 5 per cent. 
All potassium determinations were made 
with a Beckman D. U. flame spectropho- 
tometer. Total body potassium was esti- 
mated by means of dilution studies with K® 
in 10 normal student volunteers and in 12 
patients whose ureters had been trans- 
planted to the colon from 3 to 25 years 
prior to this study (Table I). 

Three patients were 8 years of age or less. 
One, Patient 2, aged 16 years, was a renal 
dwarf. There were 4 adult males and 4 
adult females in this group. All patients 
were slightly acidotic as demonstrated by 
depression of the carbon dioxide combining 
power below 27 milliequivalents per liter. 
All patients studied except 1 were hyper- 
chloremic with serum chlorides of more than 
105 milliequivalents per liter. Three pa- 
tients were hypokalemic with serum potas- 
siums of 3.3, 3.4, and 3.5 milliequivalents 
per liter respectively. There was no ap- 
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TABLE I.—DATA ON PATIENTS WITH URETEROSIGMOIDOSTOMIES 


Years with 


Age, Wi, 
jrs. kgm. 


21.0 
29.8 
16.6 
23.5 


64.2 
63.4 
51.6 
57.2 


46.1 
100.0 
61.4 
41.8 


10 
11 


12 


parent correlation between the duration of 
ureterosigmoidostomies and the level of 
uremia, acidemia, hyperchloremia, or hy- 
pokalemia. Of the children, Patients 1 and 4 
were incontinent both during the day and 
at night. Patient 3 was partially incontinent. 
Since 1956, the urine of Patient 2 has been 
diverted through an isolated segment of 
colon as a conduit. 

Eight of the patients originally had exstro- 
phic bladders, 1 had complete epispadias 
with complete duplication of the right kid- 
ney pelvis and ureters, 1 had ureterosig- 
moidal transplantation because of severe 
hemorrhagic cystitis (Patient 9) and 2 had 
transplantation following severe interstitial 
cystitis (Patients 10 and 12). 

All patients had at least 1 clinical episode 
of pyelonephritis following ureteral trans- 
plantation. 

Patients 1, 3, 4, 8, and 12 had bilaterally 
normal upper urinary tracts. Patients 5, 9, 
and 11 had 1 normal and 1 hydronephrotic 
upper segment. There was nonfunction on 
the left side of Patient 10, the right side was 
normal. Patient 6 had severe bilateral hy- 
dronephrosis with good function on intra- 
venous urography and a blood urea nitrogen 
of 20. Patient 2 had severe bilateral hydro- 
nephrosis, and Patient 7 had minimal bi- 
lateral hydronephrosis. With the exception 
of the renal dwarf (Patient 2), all patients 
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As a control, 10 normal, healthy male 
student volunteers had their total body po- 
tassium determined by the same techniques. 
The average body K* in these controls was 
3,327 milliequivalents or 45 milliequivalents 
per kilogram of body weight. These values 
are similar to those obtained by Corsa and 
associates (6). 

The findings in the patients with uretero- 
sigmoidostomies were divided, for conven- 
ience of comparison, into three groups. The 
first was that of the children, including the 
renal dwarf. The second included the adult 
females, and the third group, the adult 
males. 

It was noted that children with uretero- 
sigmoidostomies averaged 31 milliequivalents 
of potassium per kilogram of body weight as 
compared with the normal of 40 milli- 
equivalents per kilogram obtained by Corsa 
and associates (5). In 1 child, Patient 1, 
who had been operated upon 6 years pre- 
viously, the determination appeared to be 
within the normal range. She was the only 
patient with ureterosigmoidostomies in all 
the groups studied of whom this could be 
said. The 3 other children were definitely 
low in total body stores of potassium. 

All 4 adult females had body potassium 
stores well below the normal of 31.5 milli- 
equivalents per kilogram obtained by Aika- 
wa and associates. The females with ureteral 
transplants averaged 20 milliequivalents per 
kilogram with a high of 26 and a low of 17 
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milliequivalents per kilogram. Four adult 
males with ureterosigmoidostomies aver- 
aged 26 milliequivalents per kilogram with 
a high of 32 and a low of 19 milliequivalents 
per kilogram compared with a normal of 45 
milliequivalents per kilogram. It was sur- 
prising that this relatively asymptomatic 
group of individuals with ureterosigmoidal 
transplants showed on the average such 
marked deviation in total body stores of 
potassium. It was also remarkable that there 
was so little deviation in the serum potas- 
sium accompanying the marked deficiency 
in total body stores. 


DISCUSSION 


Some of the described conditions asso- 
ciated with a decrease in total body potassium 
stores were: (1) aging; (2) gastrointestinal 
losses caused by, (a) diarrhea, malabsorption 
states, or sprue, (b) chronic use of laxatives, 
and (c) experimental use of ion exchange 
resins; (3) renal disease, as pyelonephritis; 
(4) hormonal imbalance from Cushing’s 
disease, hyperaldosteronism, or steroid ther- 
apy; and (5) ureterosigmoidal diversion of 
urine. 

Some of the states associated with hyper- 
chloremia were: (1) renal disease, as (a) 
renal tubular acidosis, (b) chronic nephritis, 
or (c) obstructive uropathy, and (2) uretero- 
sigmoidostomy. 

A comparison of the two lists suggests cer- 
tain of the common, detrimental factors in 
both groups which may accompany uretero- 
sigmoidal transplantation. 

An engaging hypothesis is that potassium 
depletion in these patients may be a sign of 
premature aging. Although we do not sub- 
scribe to this hypothesis, it is noteworthy 
that the lowest body potassium in our pa- 
tients on a milliequivalent per kilogram 
basis was found in an 87 year old female, 
Patient 12, and that the children had a 
closer approximation of the normal body 
potassium than the adults. 

While potassium depletion has been asso- 
ciated with adrenal hormonal imbalances, 
there is no clinical evidence to suggest that 
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this is the case in patients with ureterosig- and I 
moidostomies. drom 
Relman and Schwartz reported 5 patients terosi 
with potassium depletion as a result of hype! 
chronic gastrointestinal losses associated uropé 
with malabsorption, excess use of laxatives, this 1 
and sprue syndrome. All these patients had [J exert 
profuse diarrhea during part of their illness, onstr 
While it is probably unfair to describe pa- senar 
tients with ureterosigmoidostomy as having If 1 
diarrhea, they certainly may have profuse colon 
watery stools from time to time. It seems obstr 
possible that the bulk of fluid in the large colon 
intestine associated with urinary diversion lem. 
might result in dilution of the fecal potas- JJ with 
sium with ensuing malabsorption and me- cienc 
chanical loss to the body. rema 
Only the renal diseases and ureterosig- Th 
moidostomies occur in both lists. to ex 
Renal tubular acidosis is described as ac- J ing u 
companying congenital tubular defects, O1 
chronic pyelonephritis, and ureterosigmoid- norm 
ostomies. Certainly pyelonephritis is fre- to fix 
quently observed in patients with uretero- teros: 
sigmoidostomies. All of the patients in our tassit 
study group had at least 1 episode of pyelo- tassit 
nephritis. However, the exact mechanism with 
whereby pyelonephritis produces renal tu- prox: 
bular acidosis is not entirely explained. It is at lez 
assumed that there is a deficiency in the uring 
tubular production of NH,* and in the ex- trols 
change mechanism of hydrogen with ensu- prox 
ing loss of potassium among other cations. pare: 
Stamey, in an exhaustive review, discards tassit 
this mechanism in favor of a simple excess other 
sodium chloride exchange in the bowel with sium 
ensuing potassium loss to explain the deple- as W 
tion accompanying ureterosigmoidal trans- plete 
plantation. chan 
When other renal problems associated equi 
with hyperchloremia are compared with urin 
those found in patients with ureterosig- perir 
moidostomies, the parallels are more strik- fecal 
ing. The common occurrence of pyelone- by 1 
phritis in patients with colonic urinary di- prac 
versions has already been mentioned. Ex- 
perimental studies by Riba, Leadbetter, 
and others bear out the clinical findings. JB fecal 
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and Reifenstein and that of the Fanconi syn- 
drome have often been compared with ure- 
terosigmoidal derangements. More recently 
hyperchloremia associated with obstructive 
uropathy has been described by Earley. In 
this regard the back pressure of the colon 
exerted on the kidneys has been amply dem- 
onstrated by Cordonnier and Lage, Whi- 
senand and Moore, and Baker and Miller. 

If the possibility of back pressure from the 
colon were not enough, the occurrence of 
obstruction due to stenosis of the uretero- 
colonic anastomosis compounds the prob- 
lem. While hyperchloremia has been noted 
with obstructive uropathy, potassium defi- 
ciency accompanying urinary obstruction 
remains to be described. — 

Thus there seem to be ample mechanisms 
to explain the potassium losses accompany- 
ing ureterosigmoidostomy. 

Only 1 of the 12 patients examined had 
normal body potassium stores. It is startling 
to find that the single individual with ure- 
terosigmoidostomies with a “normal” po- 
tassium excreted 65 milliequivalents of po- 
tassium per liter of urine. All other patients 
with ureterosigmoidostomies excreted ap- 
proximately 30 milliequivalents per liter, 
at least 6 times the serum level. The average 
urinary potassium in the normal male con- 
trols was 93.7 milliequivalents per liter, ap- 
proximately 20 times the serum level. Ap- 
parently our patients were not bereft of po- 
tassium conserving mechanisms. On the 
other hand, the patients depleted of potas- 
sium, described by Relman and Schwartz 
as well as individuals experimentally de- 
pleted of potassium by means of ion ex- 
change resins, excreted less than 10 milli- 
equivalents per liter of potassium in the 
urine. These same individuals who were ex- 
perimentally deprived of potassium had a 
fecal loss that was very closely accounted for 
by resin binding alone. In other words, 
practically no potassium was lost in the feces 
above and beyond that bound to resin. 
Relman and Schwartz list no figures for 
fecal losses in their patients. It would seem 
that an otherwise normal individual made 


deficient in potassium shows remarkable 
powers of conservation, the fecal loss being 
under 10 milliequivalents per day and the 
urinary loss under 10 milliequivalents per 
liter. We would infer then, that the presence 
of over 30 milliequivalents per liter of po- 
tassium in the combined urine and feces 
of patients with ureterosigmoidostomies, 
who are severely depleted of body potassium 
stores, suggests that an important mecha- 
nism in potassium loss may be renal damage 
due to obstructive uropathy and pyelone- 
phritis. The ion exchange mechanism pro- 
posed by Stamey no doubt plays an added 
role in the potassium losses suffered by these 
patients. 

That potassium deficiency can produce 
renal disease has been shown experimentally 
and in clinical states. This finding may be 
reversible. Thus the potassium deficiency 
found in patients with ureterocolostomies 
may cause additional renal damage to al- 
ready threatened kidneys and a “vicious 
cycle” is produced. It is possible that the 
crises occasionally seen in these patients 
represent such a sequence of events. Kidney 
function already depressed by pyelonephritis 
and back pressure becomes further impaired 
by potassium deficiency. 

The dilemma confronting the physician 
who wishes to correct for the potassium de- 
ficiency has been suggested by Stamey. 
Correction of the potassium deficiency may 
result in increasing the severity of the aci- 
dosis. This warning is probably well taken. 
It would seem preferable to attempt potas- 
sium replacement with the carbonate or 
citrate salts of potassium rather than the 
chloride. Citrus fruit juices should be an 
excellent table source. Nor are the dangers 
of administering potassium to patients with 
diminished renal function to be taken light- 
ly. Patients so treated must have their serum 
levels of potassium checked regularly to 
warn against the possible development of 
hyperkalemia. The finding that the patients 
studied lacked approximately one-third of 
their total body stores may be useful as a 
guide in replacement therapy. 


ents 
t of 4 
ated 
ives, 
had 
ess, 
pa- 
ving 
fuse 
ems 
arge 
sion 
ac- 
ects, a 
\oid- 
fre- 
our 
yelo- 
nism 
the 
ex 
-nsu- 
ions. 
ards 
with 
eple- & 
rans- 
lated 
with 
osig- 
tik 
lone- 
y di- 
etter, 
lings. 
right 


326 Surgery, Gynecology ¢ Obstetrics - March 1961 
3. 


SUMMARY 


In a series of 12 patients with ureterosig- 
moidal transplantation of a duration of from 
3 to 25 years, total body potassium was 
measured by means of isotope dilution tech- 
niques. 

The average deficit in body potassium 
stores was about one-third those of normal 
individuals in similar age groups. 

The mechanisms for development of po- 
tassium deficiency in these individuals are 
discussed. 

Continuous replacement with potassium 
carbonate and potassium citrate or citrus 
juice dietary supplements is suggested. 
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HEMORRHAGIC SHOCK 


WILLIAM C. SHOEMAKER, M.D., 


THE METABOLIC CHANGES in shock have been 
intensively studied since the discovery by 
Claude Bernard of increased blood sugar in 
animals after hemorrhage. Elevation in 
blood glucose, amino acid nitrogen, am- 
monia, and lactic and pyruvic acids as well 
as metabolic acidosis has been described 
during hemorrhagic shock. The electrolyte 
changes are less pronounced but there is 
usually a fall in serum sodium and calcium 
and a rise in potassium, magnesium, and 
inorganic phosphate. These effects reflect a 
low tissue blood flow, anoxia, and interfer- 
ence with tissue enzyme systems. The ef- 
fects of shock on the tissues are modulated in 
part by the rapid increase in the rate of out- 
put of adrenal cortical and medullary hor- 
mones. The metabolic changes observed in 
shock may be due to ischemia of the periph- 
eral tissues, to functional alterations of the 
liver, or to both. 

Most of our information on the role of the 
liver in these metabolic changes comes 
either from measurements of tissue con- 
centrations such as liver glycogen obtained 
terminally after hemorrhage or by inference 
from concentrations of various constituents 
of the peripheral blood. Since circulating 
blood levels depend on both hepatic output 
and peripheral uptake as well as on possible 
redistribution and excretion, there are 
limitations upon what can be inferred from 
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plasma concentrations alone. There have 
been no direct in vivo measurements on the 
role of the liver in the development of 
metabolic patterns associated with irre- 
versible shock. Direct measurements of the 
rates of hepatic carbohydrate and elec- 
trolyte metabolism have been made possible 
with the development of methods for the 
catheterization of the hepatic vessels and 
improved methods for measurement of 
hepatic blood flow. The results of a study 
describing hemodynamic and metabolic 
events throughout the course of hemor- 
rhagic shock are presented herein. 


METHODS AND MATERIALS 


Experiments were performed on male 
and female mongrel dogs whose hepatic 
vessels had been catheterized with large 
plastic tubing by a previously described 
technique (8) several days prior to the ex- 
periment. All dogs were studied in an un- 
anesthetized state without sedation and 
after an overnight fast. Arterial, portal, and 
hepatic venous blood was withdrawn con- 
temporaneously at various intervals. The 
hepatic blood flow was measured on these 
samples using a modified bromsulphalein 
method described by Shoemaker (6), glu- 
cose by the Nelson modification of the 
Somogyi method, and sodium and potas- 
sium by an internal standard flame photom- 
eter. 

Sudden or “acute” hemorrhage was 
studied by moderate and severe bleedings. 
In the first group of 5 dogs, hemorrhage of 
moderate severity was effected by the with- 
drawal of 200 to 400 milliliters of blood over 


t. 

1cosa 

and 
and 
a, R. 
ictive 
E. J 
rosig- 
pathy 
1956, 
Urol., 
rody- ; 
Tosig- 
TTER, 
Urol., 


328 Surgery, Gynecology ¢ Obstetrics - March 1961 


a 30 minute period. This amount repre- 
sented one-fourth to one-sixth of their 
measured or calculated blood volume and 
resulted in a drop in blood pressure to 60 
to 80 millimeters of mercury. In a second 
group, from 400 to 750 cubic centimeters of 
blood were similarly withdrawn in order to 
produce a fall in blood pressure to ap- 
proximately 40 millimeters of mercury for 2 
hours. At the end of this period the blood 
that each animal had shed was returned to 
the animal. 

The hepatic blood flow and metabolism 
in response to sudden hemorrhage were 
compared with another type of hemorrhage 
in 5 dogs in which a slow continuous with- 
drawal of 10 to 25 cubic centimeters of 
blood at 10 minute intervals was continued 
until the animal’s demise. Death usually oc- 
curred within 4 to 12 hours. 

Pressure tracings from the indwelling 
splenic artery, portal, and hepatic vein 
catheters were obtained by a Statham pres- 
sure transducer and Sanborn amplification 
and recording equipment. Mean pressures 
were obtained by electrical damping in the 
recording apparatus as well as by arith- 
metical calculation from the tracing thathad 
been made. 

Before, during, and after the experi- 
ments, hepatic venous and portal venous 
pressures were related to a “common point 
of reference,” the tip of the spinous process 
of the eighth and ninth dorsal vertebrae. At 
the end of the experiment, the animal was 
anesthetized while in position in the Pavlov 
stand, the position of each catheter was 
checked, and the distance that the tip of the 
catheter lay anterior to the common point 
of reference was measured. All measure- 
ments were then corrected for these dis- 
tances so that the supradiaphragmatic vena 
cava at its point of entrance into the right 
atrium would represent the zero point of 
each animal. In several dogs an additional 
catheter was placed in the supradiaphrag- 
matic inferior vena cava to obtain central 
venous pressure measurements during the 
course of the experiments. 


RESULTS 

Hepatic blood flow response to hemorrhage, 
Moderate hemorrhage effected by the 
rather sudden withdrawal of 200 to 409 
cubic centimeters of blood from the arterial 
catheter produced a prompt fall in blood 
pressure to 60 to 80 millimeters of mercury 
followed by a tendency of the blood pressure 
to return toward normal levels. A modest 
decrease of hepatic blood flow was noted in 
3 of 5 animals, and in the 2 remaining dogs 
the hepatic blood flow was essentially un- 
changed. 

Severe hemorrhage that followed the with- 
drawal of 400 to 750 cubic centimeters of 
blood, i.e., in sufficient amount to lower the 
blood pressure to 40 millimeters of mercury, 
caused a pronounced decrease in hepatic 
blood flow (Fig. 1). In most instances, the 
hepatic blood flow fell to one-third to one- 
half of the control levels. 

During slow, continuous hemorrhage in 5 


continuous evaluation of the status of the 
blood flow to the liver throughout all stages 
of the hemorrhage. Under these circum: 
stances, changes in the hepatic blood flow 
showed a pattern consisting of 4 distinct 
periods (Fig. 2). In the initial period, blood 
flow values were relatively stable and repre- 
sented essentially normal values. This pe- 
riod was found to extend until approx- 
imately 10 to 20 per cent of the measured a 
calculated volume of blood was withdrawn 
After this, there was a second period of e- 
ratic increases in hepatic blood flow. Thee 
flow increases with 1 exception were nd 
accompanied by obvious excitement 
agitation, although restlessness was some 
times seen. In the animals studied, tht 
hepatic blood flow increases ranged from 4 
to 300 per cent over control values. Thi} 
period of increased flow was brief but def 
nite and its duration depended on the rapit- 
ity of the bleeding. A third, and the longes. 
period was characterized by a gradual bu! 
continually decreasing hepatic blood flow 
At the end of this period there was evident 
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BLOOD 
RETURNED 


Fic. 1. a, Effect of sudden or “acute” hemorrhage by 
Wiggers technique. The volume of bleeding indicated by 
crosshatched area is shown in a representative dog to- 
gether with the mean blood pressure. b, The effect of 
sudden hemorrhage on portal venous, hepatic venous, 
and inferior vena cava (central venous) pressure in the 
same dog as that in Figure 1a. After transfusion of the 
shed blood, a marked rise in portal venous pressure was 
observed. c, The effect of sudden hemorrhage on hepatic 
blood flow and hepatic venous res:stance in the same dog 
as that in Figure 1a and b. There is a fall in hepatic blood 
flow and a rise in hepatic venous resistance with this 
of hemorrhage. After transfusion of all or nearly all of the 
shed blood, a further increase in hepatic venous resist- 
ance was observed. 


of a diminished capacity of the liver to clear 
bromsulphalein at the normal or control 
rate. This was first manifested by a slight 
increase in portal vein bromsulphalein lev- 
els. In the fourth and final period, a further 
decrease in the rate of hepatic blood flow 
was found and with it a progressively de- 
creasing functional capacity of the liver as 
evidenced by a decreasing ability to clear 
bromsulphalein. This progressive impair- 
ment of hepatic function made the hepatic 
blood flow calculations less reliable in spite 
of correction factors (Fig. 2a). 

Hepatic metabolic response to hemorrhage. 
Portal and hepatic venous plasma glucose 
concentrations and hepatic glucose output 
were studied. Portal and hepatic venous 
plasma glucose levels in a representative dog 
are illustrated in Figure 2b. There was an 
increase in both portal and hepatic vein 
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levels, that in the hepatic vein being usually 
the greater. These increases progressed with 
the course of the hemorrhage. The final or 
terminal hepatic venous glucose rose to as 
high as 720 milligrams of glucose per 100 
milliliters. 

Hepatic glucose output was calculated by 
multiplying the portal to hepatic venous 
concentration gradient by the hepatic 
plasma flow. A progressive increase in the 
hepatic glucose output was observed and 
culminated in an extremely high rate of 
glucose production by the liver (Fig. 2b). 

Portal and hepatic venous plasma potas- 
sium concentrations and hepatic potassium 
output were observed. Concentrations of 
potassium in the portal and hepatic veins 
rose parallel with the elevations of glucose. 
Increases in plasma potassium levels were 
also more marked in the hepatic vein where 
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concentrations of 8 to 12 milliequivalents 
per liter were observed. Hepatic potassium 
output, calculated by the same method as 
hepatic glucose output, revealed no sig- 
nificant potassium flux in the initial stages 
of hemorrhage. However, as hemorrhage 
progressed, rather pronounced output of 
potassium paralleling that of glucose pro- 
duction was observed (Fig. 2c). 

Portal and hepatic venous plasma sodium 
concentrations and hepatic sodium output 
were noted. Relatively minor changes in 
portal and hepatic venous plasma sodium 
were observed with progressive hemorrhagic 
shock (Fig. 2c). What changes there were, 
however, tended to be the reverse of the 
hepatic potassium response. In general, an 
uptake of sodium by the liver, as compared 
with control levels, was observed in the late 
stage of hemorrhage. These changes are 
probably less apparent than the similar 
amounts of potassium flux, since the sodium 
concentration and total amount of circula- 
ting sodium was large in proportion to the 
total electrolyte shift. By contrast, a rela- 
tively small potassium flux would produce 
a larger percentage change in the concen- 
tration of plasma potassium. 

Hepatic venous, portal venous, and central 
venous pressures and hepatic venous resistance in 
response to hemorrhage. The response of 
hepatic vasculature is more clearly observed 
in animals subjected to sudden hemorrhage 
by the inverted bottle technique. After acute 
withdrawal of blood there are minimal 
changes in the recorded pressures; however, 
with reinfusion of the shed blood there is a 
marked rise in the portal, hepatic, and 
central venous pressures and in the portal 
to hepatic venous pressure gradient (Fig. 1b). 

Estimations of hepatic venous resistance, 
a function of the portal to hepatic venous 
pressure gradient and the hepatic blood 
flow, were made in a control period, during 
hemorrhage, and after reinfusion of the 
shed blood. There was a moderate increase 
in hepatic venous resistance with hemor- 
rhage and a marked increase in response to 
transfusion (Fig. 1c). 


DISCUSSION 


Decreased hepatic blood flow has fre- 
quently been reported after hemorrhage. 
Moreover, Reynell and associates also found 
that after severe hemorrhage both the car- 
diac output and hepatic blood flow de- 
creased in the same proportion. The studies 
reported herein confirm the decreased 
hepatic blood flow occurring with severe 
degrees of hemorrhage produced by the in- 
verted bottle technique. But with smaller 
amounts of blood withdrawal, the expected 
decrease in hepatic blood flow did not al- 
ways occur, even though simultaneous 
measurements of cardiac output were re- 
duced. This finding is consistent with the 
observations of Blalock and Levy and sug- 
gested to us that with moderate bleedings, 
there appeared to be a redistribution of 
cardiac output such that hepatic blood flow 
was preferentially maintained. 

Most of the hepatic blood flow observa- 
tions reported in the literature were made 
using the Lampson bottle or the Western 
Reserve (Wiggers) technique. The ad- 


vantage of this method is that a relatively 


stable, reproducible, bled preparation is 
provided. One of the disadvantages of this 
method of bleeding is that the animal is 
suddenly plunged into profound or irre- 
versible shock; this state is then artificially 
prolonged by the gradual return of shed 
blood at a rate sufficient to maintain the 
blood pressure at a predetermined value. A 
second disadvantage of the method is that 
the common point of reference is the mean 
blood pressure. Since the blood pressure 
represents the sum total of numerous known 
and unknown compensatory reactions it 
may not be the most ideal referent, especi- 
ally in the early stages of hemorrhage. 

By extending the period of bleeding over 
a prolonged time, in order to allow frequent 
measurements, it is possible to observe the 
sequence of events which lead to demise and 
to obtain information as to which events 
are primary and which compensatory with 
respect to the developing picture of irre- 
versible hemorrhagic shock. When as little 
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Fic. 2. a, The effect of continuous prolonged hemor- 
rhage on hepatic plasma flow and hepatic blood flow. 
The rate of hemorrhage in a representative experiment 
is indicated by the crosshatched area in the upper section 
of the figure. Changes in the hematocrit over the bleeding 
period are also portrayed here. The concentrations of 
bromsulphalein in portal and hepatic veins are shown in 
the lower section. The portal vein levels are remarkably 
stable until the fourth or terminal stage. The values of 
hepatic plasma flow and hepatic blood flow derived from 
the bromsulphalein measurements are shown in the 
middle section. b, Portal and hepatic venous plasma 
glucose concentrations and the hepatic glucose output 
as a function of time during slow, progressive hemorrhage 
in the same dog as that in Figure 2a. c, Portal and hepatic 
venous plasma potassium concentrations and hepatic 
potassium output during slow, progressive hemorrhage 
are shown in the upper section of the figure. Similar 
measurements of plasma sodium are shown in the lower 
section. The same dog as in Figure 2a and b was used. 


as 10 to 20 per cent of the blood volume was 
acutely removed, an increased adrenal pro- 
duction of catechol amines, epinephrine, 
and norepinephrine was reported by Walker 
and associates. We have found in association 
with this increased catechol production a 
marked increase in hepatic blood flow. This 
hepatic blood flow increase began rela- 
tively early in the course of progressive 
bleeding and is interpreted as a compensa- 
tory change to the diminished blood volume 
and cardiac output, i.e., epinephrine pro- 
duces a redistribution of cardiac output, 
such that the hepatic and splanchnic areas 
receive a proportionately higher percentage 


Shoemaker et al.: ROLE OF LIVER IN DEVELOPMENT OF HEMORRHAGIC SHOCK 331 


Minutes After Beginning Of Hemorrhage 
c 


of the cardiac output. As more blood is 
progressively withdrawn, this capacity of 
the catechols to redistribute the cardiac 
output is reduced by the limited effective 
circulating volume; the hepatic blood flow 
then settles down to a rate which is less than 
the initial or control blood rate. 

Review of the literature on the syndrome 
of shock due to hemorrhage or trauma has 
shown a relatively consistent picture of ele- 
vated blood sugar after shock except when 
either the glycogen has been removed from 
the liver by fasting, the liver itself has been 
removed, or the adrenal gland has been 
removed. The hyperglycemic response has 
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been found in almost all other forms of 
trauma which involve stimulation of somatic 
afferent nerves; indeed, hyperglycemia has 
also been found in emotional disturbances. 
This elevation of blood sugar is presumably 
due to an epinephrine-induced hepatic 
glycogenolysis. But another factor which 
must be considered is the rate of utilization 
by the peripheral tissues. Russel, Long, and 
Engel believed that peripheral utilization 
is increased with hemorrhage; others report 
a decrease, and Beatty suggests an initial 
increase followed by a terminal decrease. In 
the studies reported herein, measurement 
of the role of the liver in the production and 
maintenance of the hyperglycemia were 
undertaken. These studies suggest that un- 
der the circumstances of the experiments the 
liver was able to put out glucose throughout 
the period of observation, the dogs having 
been previously well fed and in a reason- 
ably good state of health. 

There was no evidence of peripheral hy- 
poglycemia, as judged by the portal venous 
glucose levels, even at death in these ani- 
mals. If the liver glycogen were diminished 
after an episode of shock it would not be due 
to a failure of hepatic function, per se, but 
rather to an exhaustion of glycogen stores 
from its breakdown to glucose. It was evi- 
dent in these animals that the amount of 
carbohydrate stored in the liver was in- 
sufficient to maintain the hyperglycemia 
to death. 

The rise in plasma potassium previously 
reported by many investigators to occur 
during the terminal stages of hemorrhagic 
shock was essentially confirmed in this 
study. In general, it was found that the 
average plasma elevation of potassium was 
about 2 milliequivalents per liter or less. 
This is somewhat less than that found by us 
and may be due to the effect of anesthesia 
on the adrenal catechol amine output. Deep 
anesthesia will diminish catechol output as 
will barbiturate anesthesia, whereas light 
ether anesthesia would augment the secre- 
tion. In studies reported by Walker and as- 
sociates the rate of adrenal catechol output 


was directly measured before and after 
barbiturate anesthesia. 

In the studies on nonanesthetized dogs 
reported herein the potassium response jis 
usually greater than those previously re- 
ported in the literature; second, the potas- 
sium elevation is largely due to a hepatic 
potassium output; and third, the hepatic 
potassium output roughly parallels that of 
the hepatic glucose output. 

In interpreting the results of these stud- 
ies, one is struck by the remarkable similar- 
ity between the effects of hemorrhage on the 
unanesthetized dogs and the hepatic re- 
sponse to epinephrine under comparable 
conditions (7). We are, therefore, led to 
speculate that the metabolic effects of 
hemorrhage, which include increased he- 
patic blood flow, increased hepatic glucose 
output, and increased potassium output, 
are largely due to an increased liberation of 
epinephrine from the adrenal gland. The 
increase in the rate of output of catechols 
from the adrenal glands previously meas- 
ured by Walker and associates in hemor- 
rhagic shock lend credence to this hypothe- 
sis. Moreover, an initial increased peri- 
pheral uptake of glucose may be explicable 
on the basis of an increased blood sugar due 
to hepatic glycogenolysis. Further, a ter- 
minal decrease in peripheral glucose uptake 
may be explained by the build-up of intra- 
cellular carbohydrate intermediates in the 
peripheral cells as a result of continued and 
progressive epinephrine secretion. 


SUMMARY 


1. Hepatic metabolism and hemody- 
namics have been studied in a series of un- 
anesthetized animals whose major hepatic 
vessels had been previously catheterized. 

2. Two types of hemorrhage were studied. 
Blood was suddenly or “acutely” with- 
drawn in sufficient amounts to lower blood 
pressure to 60 to 40 millimeters of mercury. 
Findings were compared with the hepatic 
response that followed a slow, prolonged 
hemorrhage. 

3. After hemorrhage, there was a pro- 
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gressively increasing hepatic glucose out- 
put, hepatic potassium output, and hepatic 
sodium uptake and an increased hepatic 
yenous resistance. The latter was further in- 
tensified after retransfusion of shed blood. 

4, The hepatic metabolic and hemo- 
dynamic events that follow administration 
of epinephrine to unanesthetized dogs un- 
der comparable conditions had previously 
been found to increase hepatic glucose out- 
put, hepatic potassium output, hepatic 
sodium uptake, and hepatic venous resist- 
ance. This together with another previous 
observation that the adrenal gland output 
of catechol amines was markedly increased 
with hemorrhage suggest that many of the 
hepatic, metabolic, and hemodynamic ef- 
fects that follow hemorrhage are mediated 
by epinephrine. 
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EXPERIENCES WITH A PROGRAM TO ACHIEVE 
PALLIATION OF INCURABLE CARCINOMA 


OF THE BREAST 


DANIEL BURDICK, M.D., F.A.C.S., Syracuse, New York 


EACH YEAR approximately 25,000 women 
die in the United States of carcinoma of the 
breast. This persistently high mortality rate 
and the relatively constant 5 year survival 
rate in the neighborhood of 40 to 45 per 
cent, as reported by Rosahn, have focused 
considerable attention upon the problem of 
the management of those patients with in- 
curable breast carcinoma. Indeed, the ever- 
present imposing number of patients with 
locally advanced, persistent, or metastatic 
carcinoma of the breast continues to present 
a formidable challenge to the physician in 
terms of effective palliation. 


OBJECTIVES OF THE STUDY 


Since 1948 patients with incurable breast 
carcinoma have been treated at the Upstate 
Medical Center in Syracuse with a program 
of steplike palliation. This program has 
consisted in the sequential use of the simpler, 
established methods such as local surgical 
excision, simple mastectomy, roentgen ray 
therapy, castration, and hormone therapy. 
In general, one modality of therapy has 
been employed at a time, and an attempt 
has been made to evaluate the results of 
such therapy. In recent years, bilateral 
adrenalectomy and hypophysectomy have 
been added to the program, but these pro- 
cedures have been used only sparingly and, 
in general, late in the course of the disease. 

The subjective and objective results re- 
ported in the literature following bilateral 
adrenalectomy and hypophysectomy have 
been encouraging and have stimulated their 
proponents to plead for the use of these 
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procedures earlier in the course of the pa- 
tient’s disease, in hope that longer periods 
of remission may be attained. However, it 
seems apparent that longer remissions, as 
measured from the date of therapy, are to 
be expected when any form of therapy is in- 
stituted earlier in the course of the disease, 
and that the measurement may be that of 
the natural history of the disease rather than 
the result of therapy. For this reason, it 
seemed appropriate to review the total ex- 
perience in palliation of incurable breast 
carcinoma at a center where the ablative 
procedures were not instituted early in the 
course of the disease, to determine the re- 
sults of a program of steplike palliation in 
incurable breast carcinoma as measured by 
total cumulative palliation, to ascertain sur- 
vival rates as measured from various fixed 
points in the history of the disease, and to 
compare survival rates in those patients who 
responded and those who failed to respond 
to the palliative measures utilized. 


PROGRAM FOR PALLIATION 


In an attempt to evaluate palliation in 
incurable breast carcinoma, 146 consecu- 
tive cases occurring in a 10 year period, from 
1 July 1948 to 30 June 1958, have been 
studied and analyzed. This report examines 
the results obtained in the treatment of all 
patients with locally advanced, persistent, 
or metastatic breast carcinoma who were 
observed in the Upstate Medical Center 
Tumor Clinic in Syracuse or in private sur- 
gical practice. The histologic diagnosis of 
mammary carcinoma was established in 
every patient. Evidence of incurability of 
the disease was present in all cases. In each 
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case, there was personal contact with the 
patient for varying periods of time during 
the patient’s life. No patients attended were 
excluded from the study, and all were fol- 
lowed up to death or until the time of this 
report. 

The program for palliation that has been 
followed has, in general, been one of planned 
steplike progression. This might be called 
the “drip technique” as contrasted with the 
“shotgun technique,” in which several mo- 
dalities of therapy are instituted simultane- 
ously. Insofar as possible one form of therapy 
was instituted at a time, and an attempt 
was made to evaluate the results of such 
therapy, although on occasion, particularly 
in the fulminating cases, two or more pal- 
liative measures were instituted simultane- 
ously in an attempt to achieve palliation. 

In general, palliative measures were car- 
ried out when the patient had symptomatic 
demonstrable disease. In several cases, symp- 
toms preceded the demonstration of metas- 
tases by several weeks or months. Simple 
analgesics were prescribed, but, in general, 
hormone or roentgen ray therapy was with- 
held until the presence of definite metastatic 
disease was determined. In many other pa- 
tients, there was evidence of widespread 
metastatic disease in the absence of symp- 
toms. These patients were not treated, inas- 
much as it was believed that there were no 
symptoms to palliate. When symptoms were 
of sufficient severity to demand relief, palli- 
ative measures were instituted. Prophylactic 
procedures, such as castration, were not 
undertaken prior to evidence of symptomatic 
demonstrable metastases. If prophylactic 
castration is performed prior to the appear- 
ance of symptomatic metastases, it is im- 
possible to evaluate the benefit of this purely 
palliative procedure. 

For the purpose of instituting a program 
of palliative therapy, the 146 patients were 
divided into three groups: (1) premeno- 
pausal, (2) menopausal or early postmeno- 
pausal, and (3) late postmenopausal. 

Premenopausal group. All patients still hav- 
ing menstrual periods at the time evidence 


of incurability was first noted were placed 
in the premenopausal group. All premeno- 
pausal patients were treated with castration 
as the first method of palliation when symp- 
tomatic locally advanced or metastatic dis- 
ease was demonstrable. In the early days of 
the series a few patients were given roentgen 
ray castration. However, because this meth- 
od is not always reliable, it has been entirely 
supplanted by surgical castration. Two pa- 
tients who had roentgen ray castration were 
later subjected to surgical castration, and in 
each instance an additional period of palli- 
ation ensued. A minimum period of 2 
months was allowed to elapse to ascertain 
the response to oophorectomy prior to the 
institution of additional therapy. 

Roentgen ray therapy generally followed 
oophorectomy at such a time as when the 
patient required additional palliation. This 
type of therapy was used to treat localized 
symptoms, such as bone pain, fungating 
breast masses, chest wall masses, nodal 
masses, and the like. On occasion, bilateral 
oophorectomy and local roentgen ray ther- 
apy were carried out simultaneously, par- 
ticularly in those cases in which the disease 
was proceeding rapidly. In addition, roent- 
gen ray therapy was used periodically during 
the course of the disease as local symptoms 
warranted. 

Androgenic therapy was instituted next, 
if additional symptoms developed. This 
therapy consisted in the administration of 
testosterone propionate, 100 milligrams in- 
tramuscularly 3 times weekly. In no instance 
did toxic symptoms of sufficient degree de- 
velop to warrant discontinuing therapy. In 
patients treated since July 1958, oral andro- 
gens have been administered, but responses 
to this medication are not included in this 
study. 

Early in the series 2 patients in the 
premenopausal group were inadvertently 
treated with estrogens, with apparent pro- 
gression of the disease. 

Menopausal group. Patients who were under- 
going menopause or who were within 10 
years of the menopause at the time evidence 
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of incurability was first noted were consid- 
ered to fall into this group. Patients who 
were within 5 years of the menopause were 
subjected to bilateral oophorectomy as the 
initial measure of palliation. It is generally 
recognized that the ovaries may continue to 
elaborate significant amounts of estrogens 
for several years after the cessation of menses. 
Those patients between 5 and 10 years post- 
menopausal were given androgens as the 
initial form of therapy. The remainder of 
the program for all patients in the meno- 
pausal group was identical with that used 
for the premenopausal group. In a recent 
report, Macdonald has made a plea for the 
more widespread use of estrogens in the 
early postmenopausal patient. However, in 
this series estrogens were reserved for those 
patients 10 or more years postmenopausal. 

Late postmenopausal group. All patients who 
were 10 years or more postmenopausal at 
the time evidence of incurability was first 
noted were considered to be in the late post- 
menopausal group. Patients in this group 
were treated initially with estrogens or 
roentgen ray therapy. In general, roentgen 
ray therapy was used for more localized dis- 
ease, and estrogens if the disease was more 
disseminated. Estrogens were administered 
for at least 2 months before being considered 
ineffective. The most commonly used es- 
trogen preparation was diethylstilbestrol by 
mouth, 5 milligrams 3 times daily. In pa- 
tients who were unable to tolerate diethylstil- 
bestrol because of nausea or vomiting, or 
who showed no significant response in the 
customary period of time, other estrogens 
were substituted. Those most commonly 
employed were dienestrol, 5 milligrams 3 
times daily, and ethinyl estradiol, 1 milli- 
gram 3 times daily. Not infrequently pa- 
tients responded to one form of estrogens 
after failure to respond to the first prepara- 
tion. 

As patients required additional palliation 
after the initial therapy was no longer effec- 
tive, roentgen ray therapy for localized 
symptoms or estrogenic therapy for more 
disseminated disease was instituted if it had 


not been used as the primary measure, 
Later, as necessary, patients in this group 
were given androgenic therapy. Not infre- 
quently, patients who had responded initially 
but who later became refractory to estro- 
genic therapy received additional palliation 
when a change was made to androgens. 

General program applying to all groups. Sim- 
ple mastectomy was carried out as a pallia- 
tive procedure for incurable disease in 5 pa- 
tients. In each instance the breast mass was 
fungating, ulcerated, or exhibited impending 
ulceration. Most patients with this problem 
were treated with hormonal or roentgen ray 
therapy. Local surgical excision of solitary 
chest wall nodules was performed in 11 pa- 
tients. Roentgen ray therapy was more gen- 
erally used for treatment of chest wall 
nodules. 

Medications such as simple analgesics 
and tranquilizers were used in average doses 
as necessary. If the patient required stronger 
medication such as codeine, she was con- 
sidered a candidate for hormonal or roent- 
gen ray therapy. Thoracenteses and ab- 
dominal paracenteses were carried out in a 
few instances as symptoms have demanded 
relief. In recent years, intraperitoneal and 
intrapleural instillation of nitrogen mustard 
have been added to the program as indicat- 
ed. 

Inherent in any program for palliation 
is the need for adequate and continued 
psychotherapy. This entails no elaborate or 
specialized psychiatric approach, but rather 
consists in establishing an intimate doctor- 
patient relationship early in the course of 
treatment. The patient frequently attaches 
herself very closely to her doctor and comes 
to rely on him for the solution of most of her 
problems. She expects to see the same doctor 
on each clinic visit and seems disappointed 
and let down if her doctor is absent from the 
clinic and she is forced to see another doctor, 
although the latter doctor may be equally 
competent. 

The doctor must be prepared to give his 
patient all the time and attention that she 
requires. These patients demand specific 
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TABLE I.—PROGRAM FOR STEP-LIKE PALLIATION 


Premenopausal Menopausal 

1, Bilateral oophorectomy 1. Bilateral oophorectomy (up 
to 5 years postmenopausal) 

. Roentgen ray therapy 


2, Roentgen ray therapy 2. 

3. Androgens 3. Androgens 

4, Bilateral adrenalectomy* 4, Bilateral adrenalectomy* 
5. Hypophysectomy* 
6. Corticoids 


5, Hypophysectomy* 
6. Corticoids 


Parallel measures 
(applying to all groups) 

Simple mastectomy, 

local excision, 

symptomatic medication, 

thoracentesis, para- 

centesis, nitrogen 

mustard, psychotherapy 


Late postmenopausal 
. Estrogens 


. Roentgen ray therapy 

. Androgens 

. Bilateral adrenalectomy* 

. Hypophysectomy* 
Corticoids 


*Only if evidence of previous hormone dependency. Contraindicated in patients with hepatic and cerebral metastases; rarely indicated in late 


postmenopausal group. 


answers to all their questions, and a hasty 
ill-conceived answer to a seemingly trivial 
question may do much to increase anxiety 
and in turn to aggravate symptoms. The 
patients require constant encouragement 
and a feeling must be conveyed to the pa- 
tient that many therapeutic measures are 
available and are being used to help control 
her disease. The patient must never feel that 
she has been abandoned. In several in- 
stances it has been possible to discontinue 
narcotics with complete relief of pain, after 
one or two interested understanding talks 
with the patient about her disease. 

In most instances, by judicious spacing of 
this program it was possible to carry these 
patients effectively for long periods of time 
without the necessity of resorting to one of 
the ablative procedures at an early stage of 
the disease. In recent years, bilateral adre- 
nalectomy and hypophysectomy were re- 
sorted to after other simpler measures were 
thoroughly utilized, and only if there had 
been some evidence of previous hormonal 
dependency. In the reported series, 6 pa- 
tients were subjected to bilateral adrenal- 
ectomy, and 1 patient had a pituitary stalk 
section. Additional ablative procedures have 
been performed on patients seen after July 
1958. The ablative procedures are probably 
rarely indicated in the late postmenopausal 
group, although Pearson has reported good 
responses to hypophysectomy in this group. 

Cortisone therapy is obviously required 
for substitution after one of the ablative 
procedures. Cortisone or one of its deriva- 
tives in large doses by mouth was occasion- 
ally used as a last resort in those patients in 
whom ablative surgery was thought to be 


contraindicated, particularly in those pa- 
tients with hepatic or cerebral metastases. 

Table I summarizes the entire program 
for steplike palliation in outline form. 


EVALUATION OF PALLIATION 


One hundred forty-six consecutive female 
patients with locally advanced, persistent, or 
metastatic breast carcinoma were seen and 
treated between 1 July 1948 and 30 June 
1958. Of these, 40 were first seen with pri- 
mary inoperable carcinoma of the breast 
and 106 with metastic carcinoma some time 
after previous mastectomy. All patients were 
followed up until death or until the time of 
this report. 

An attempt was made to divide palliation 
into subjective and objective responses. By 
subjective responses were meant relief of 
pain, cough, or dyspnea, increase in appe- 
tite, gain in weight, increase in sense of 
well-being, and return to work or usual 
activity. By objective responses were meant 
measurable decrease in the size of the breast, 
lymph node, or chest wall masses, epitheli- 
zation of ulcerating masses, decrease in 
pleural fluid and pulmonary nodules, and 
filling in and healing of osseous lesions. 

By using these criteria for evaluating 
palliation, 74 patients or 51 per cent re- 
ceived good or excellent subjective pallia- 
tion and 47 patients or 32 per cent received 
objective palliation. In every instance those 
patients receiving objective palliation also 
received subjective palliation. It is interest- 
ing to note that these figures compare very 
closely with figures generally reported fol- 
lowing oophorectomy and the ablative 
procedures suggesting that approximately 
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PERCENT 


° 1 1 1 1 
6 12 24 36 60 


Fic. 1. Minimum number of months of palliation in 
the 74 patients with subjective and objective responses. 


one-third of all cases are objective respond- 
ers, that is “hormone dependent,” regard- 
less of the type of hormone therapy insti- 
tuted. 

In planning any program for long term 
palliation, a regimen should be attempted 
which will afford the patient the greatest 
number of months of effective palliation. 
Therefore, it seemed important in the pres- 
ent study to determine the total cumulative 
period of palliation. This period is defined 
as the total number of months of effective 
palliation that a given patient received dur- 
ing her lifetime, regardless of the type of 
therapy instituted. The average cumulative 
period of palliation was 33 months and the 
median was 27 months in those patients who 
received subjective palliation. The average 


TABLE II.—PALLIATION OBTAINED IN THE THREE 
GROUPS 
Per cent of Per cent of 
Groups group _— total series 
Premenopausal patients 


58 
42 
33 


PERCENT 


i iL iL iL 
6 2 24 36 60 


Fic. 2. Minimum number of months of palliation in 
the 47 patients with objective response only. 


cumulative period of palliation was 40 
months and the median was 36 months in 
those who received objective palliation. 

Figures 1 and 2 indicate the minimum 
number of months of palliation received in 
the two groups. From the graphs it can be 
seen that over 50 per cent of the patients 
showing subjective responses received 2 
years or more of effective palliation and 
nearly 15 per cent received 5 years or more. 
Seventy per cent showing objective re- 
sponses received 2 years or more of effective 
palliation and over 20 per cent received 5 
years or more. 

The entire series of 146 cases was divided 
into premenopausal, menopausal, and late 
postmenopausal groups, and the subjective 
and objective palliation was noted in each 
group. Of interest is the relatively poor ob- 
jective response obtained in the meno- 
pausal group, 20 per cent, and the more 
favorable response in the late postmeno- 
pausal group, 39 per cent (Table II). 


MEASUREMENT OF SURVIVAL 


For the purpose of studying survival, all 
146 patients in the series were followed up 
until death or until the time of this report. 
Twenty patients (13.8 per cent) are alive 
with the disease at the time of this report. 
Survival times were determined from the 
estimated date of onset of the disease, from 
the date of definitive therapy, and from the 
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OBJECTIVE RESPONDERS 
NON- RESPONDERS 
TOTAL CASES 


PERCENT 


20 
TIME IN YEARS or more 


Fic. 3. Measurement of survival times of the 146 pa- 
tients from estimated date of onset of disease to death. 


| date of symptomatic established incurabil- 
ity to death or to the time of this report, 
respectively. The 47 patients who showed 
good or excellent objective regression were 
considered responders; the remaining 99 
patients were considered to be nonre- 
sponders. The survival times of the total 
number of patients in the series as well as a 
comparison of the survival times of the 
responders and nonresponders were record- 
ed. 

Survival time from estimated date of onset of 
the disease to death. The date of the patient’s 
first symptoms was noted from her medical 
record and was used to indicate the esti- 
mated date of onset of her disease. The sur- 
vival times of the 146 patients as measured 
from the estimated date of onset of the dis- 
ease to death are represented graphically in 
Figure 3.’ Fifty-six patients or 38 per cent of 
the entire series lived 5 years, and 17 or 12 
per cent lived 10 years or more. The average 
survival time of the entire series was 66.2 
months and the median survival time was 
47 months. Sixty-eight per cent of the re- 
sponders lived 5 or more years as compared 
with only 24 per cent of the nonresponders. 
The average survival time of the responders 
was 111.5 months, and the median survival 
time was 85 months. This result compares 
with an average of 44.7 months and a 
median of 35 months for the nonresponders. 

Survival time from the date of definitive therapy 
to death. One hundred and six patients had 


1A complete tabulation of results is available upon request. 
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90F NON-RESPONDERS 
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Fic. 4. Measurement of survival times of the 146 pa- 
tients from date of definitive therapy to death. 


had previous radical mastectomy. Of this 
group, 38 were considered to be responders 
and 68 nonresponders. The survival times 
as measured from the date of definitive 
therapy to death are presented in Figure 4. 
Forty-six patients or 43 per cent of this 
group lived 5 years, and 16 or 15 per cent 
lived 10 years or more. The average sur- 
vival time was 75 months and the median 
survival time was 51 months. Eighty-two 
per cent of the 38 responders lived 5 or more 
years as compared with only 22 per cent 
of the nonresponders. The average survival 
time of the responders was 126 months, and 
the median survival time was 93 months. 
These figures compare with an average of 48 
months and a median of 39 months for the 
nonresponders. 

Survival time from the date of symptomatic 
established incurability to death. ‘The date when 
the patient first visited the clinic if her local 
disease was advanced, or the date when 
symptomatic demonstrable metastases first 
appeared, was considered to be the date of 
symptomatic established incurability. This 
date is synonymous with the date of reac- 
tivation of disease in those patients who had 
previously been subjected to mastectomy. 
The survival times of the entire 146 patients 
as measured from the date of symptomatic 
established incurability to death are pre- 
sented in Figure 5. Twenty patients or 14 
per cent of the entire series lived 5 years and 
only 1 or 0.7 per cent lived 10 years. The 
average survival time of the entire series was 
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27.1 months and the median survival time 
was 17 months. Thirty-four per cent of the 
responders lived 5 or more years as com- 
pared with only 4 per cent of the nonre- 
sponders. The average survival time of the 
responders was 49.6 months and the median 
survival time was 41 months. These periods 
compare with an average of 16.5 months 
and a median of 12 months for the non- 
responders. 

The free interval was defined as that 
period of time from the date of definitive 
therapy to the date of reactivation of disease 
or symptomatic demonstrable metastases. 
No correlation could be established between 
the length of free interval and the average 
period of survival in the entire series, or in 
the responders and the nonresponders. In 
addition, it was not possible to correlate the 
length of free interval and the average cu- 
mulative period of palliation in the group of 
responders. 


DISCUSSION 


Attempts to measure palliation in locally 


advanced, metastatic or persistent carci- 
noma of the breast have been made by 
many investigators. Results of various 
therapeutic measures have been reported as 
if strict yardsticks of evaluation were well 
standardized. 

An attempt has been made to review a 
series of 146 cases, with which one surgeon 
has been personally familiar, in a similar 
detailed manner. In the majority of cases 
the patient’s response or failure of response 
to therapy was clear-cut and would have 
been apparent to most observers. However, 
as in other similar series, there were a cer- 
tain percentage of cases in which response, 
by even the most rigid objective criteria, 
was difficult to gauge. Therefore, despite 
the most critical appraisal of the data, the 
figures reported for the subjective and ob- 
jective responses to therapy must be con- 
sidered as estimated only. In reviewing the 
records I was concerned with the meaning 
of phrases such as “appetite is better,” 
‘coughing less,” “‘up and about more often,” 


“thas gained 5 pounds,” “back pain is much 
less.” Moreover, “‘breast mass 3 centimeters 
smaller,” “pulmonary nodules decreased in 
size,” and “recalcification of osteolytic 
lesions” were objective phrases which were 
difficult to interpret. How much signifi- 
cance does the reviewer attach to each state- 
ment? Are not subjective complaints such as 
pain so variable in different patients and, 
in addition, subject to the interpretation of 
the examiner, that they are incapable of be- 
ing quantitated? Even objective responses 
are difficult to assess. No one denies the 
complete disappearance of a nodule or a 
mass when this occurs. However, when there 
is “some decrease in the size of pulmonary 
nodules,” may not differences in technique 
be responsible for the apparent decrease? In 
many cases there may be widespread osse- 
ous disease in the absence of symptoms. As 
the reviewer, therefore, reports objective 
regression of certain symptomatic osteolytic 
lesions, he may be unaware of progression 
of the disease elsewhere simply because 
roentgenograms were not taken of asymp- 
tomatic areas. In the last analysis, therefore, 
are we not trying to measure with a calipers 
regressions which are incapable of such pre- 
cise measurement? 

Survival time must remain a more finite 
measurement of the effectiveness of a pro- 
gram for palliation than any measure of re- 
gression. In any study evaluating the ef- 
fectiveness of the management of patients 
with incurable breast carcinoma, survival 
time may be determined from the estimated 
date of onset of the disease, from the date of 
definitive therapy, and from the date of 
established incurability to death, respec- 
tively. In the last analysis, the most impor- 
tant determination will be the survival time 
measured from the estimated date of onset 
of the disease to death, as reported by 
Shimkin. This will tend to give a truer pic- 
ture of the natural life history of the disease 
and any possible modifications thereof as a 
result of therapy. It will tend to correct for 
the increased survival rates as measured 
from the dates of definitive therapy or in- 
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curability, which may be obtained when 
therapy was instituted “earlier” in the 
course of the disease. Finally, survival time 
measurements should be compared with the 
survival time of untreated breast carcinoma. 
Daland’s series of 100 patients with un- 
treated breast carcinoma has long been re- 
garded as a standard measure for compari- 
son. In his series the average survival time 
as measured from the estimated date of 
onset of the disease to death was 40.5 months. 
Twenty-two per cent lived 5 years and 5 
per cent lived 10 years. These figures may 
be compared with an average survival time 
of 66.2 months, a 38 per cent 5 year survival 
and a 12 per cent 10 year survival in the 
present series. 

Proponents of the ablative procedures for 
palliation in incurable breast carcinoma 
continue to make a plea for earlier cases. 
While comparison of results obtained from 
two separate series is probably unjustified, 
the figures in the present series obtained by 
a steplike program for palliation certainly 
compare favorably with those reported fol- 
lowing bilateral adrenalectomy or hypo- 
physectomy. Furthermore, when one fol- 
lows a steplike program for palliation, one 
is better able to assess ‘“hormone-dependen- 
cy” in a given case as determined by re- 
sponses to castration or hormone therapy. 
Evaluation of the response obtained as a 
result of castration alone, performed at a 
time when the patient has symptomatic dis- 
ease, may be valuable in subsequent selec- 
tion of patients for possible ablative surgery. 
This important guide may no longer be 
available if bilateral adrenalectomy or hypo- 
physectomy is performed too early or in con- 
junction with oophorectomy. 

Finally, when an attempt is made to 
evaluate the effectiveness of therapeutic 
programs designed for palliation of incura- 
ble breast carcinoma, it must be understood 
what is being measured. In the present 
series, the increased survival rates obtained 
in responders as compared with those ob- 
tained in nonresponders suggest that lon- 
gevity may be a measure of palliation. As 
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Fic. 5. Measurement of survival times of the 146 pa- 
tients from date of established incurability to death. 


increased palliation was obtained, increased 
longevity was achieved. However, in the 
last analysis, are the responders merely those 
with an increased natural life history in this 
extremely variable disease? Our inability to 
measure the disease more accurately may be 
due to the fact that at any given moment 
much of the disease may be subclinical and 
unrecognizable. The life history of car- 
cinoma of the breast may be likened to that 
of an iceberg. Our sights and in turn our 
measurements are only directed to that por- 
tion of the disease which is obvious, that por- 
tion which appears above the clinical life 
line. Our attempts at palliation are efforts to 
reduce the disease to the subclinical level. 
Until it is possible to measure total disease 
more scientifically, including that which is 
now subclinical, the dilemma in evaluation 
of programs for palliation of incurable breast 
carcinoma must remain. The response to 
palliative therapy in individual cases will 
continue to be impressive. 


CONCLUSIONS 


1. A program for achieving palliation of 
incurable carcinoma of the breast has been 
outlined. Measures employed in the pro- 
gram were bilateral oophorectomy, roent- 
gen ray therapy, hormone therapy, local 
excision, simple mastectomy, and ancillary 
symptomatic therapy. Bilateral adrenalec- 
tomy, hypophysectomy, and corticoids were 
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used rarely and only late in the course of the 
disease. 

2. By means of these methods, used in a 
judicious steplike manner, it was possible to 
achieve effective palliation in a certain per- 
centage of patients. It was found most diffi- 
cult to measure accurately subjective and 
objective responses to therapy. In a series of 
146 patients with locally advanced, meta- 
static, or persistent breast carcinoma, esti- 
mated subjective and objective responses of 
51 and 32 per cent, respectively, were ob- 
tained. 

3. In those patients who received objec- 
tive palliation only, the average total 
cumulative period of palliation was 40 
months. 

4. Over 50 per cent of the patients show- 
ing subjective responses received 2 years or 
more of effective palliation and nearly 15 
per cent received 5 years or more. Seventy 
per cent showing objective responses re- 


ceived 2 years or more of effective palliation . 


and over 20 per cent received 5 years or 
more. 

5. Probably the most accurate measure- 
ment of effective therapy for palliation of 
incurable breast carcinoma is survival time, 
measured from the estimated date of onset 
of the disease to death. In the present series, 
56 (38 per cent) of the patients survived 5 
years and 17 (12 per cent) lived 10 years or 
more. The average survival time of the 
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entire series was 66.2 months and the me- 
dian survival time was 47 months. 

6. Sixty-eight per cent of the objective re- 
sponders lived 5 or more years from the esti- 
mated date of onset of the disease as com- 
pared with only 24 per cent of the nonre- 
sponders. The average survival time of the 
responders was 111.5 months as compared 
with 44.7 months for the nonresponders. 

7. Thirty-four per cent of the objective 
responders lived 5 years or more from the 
date of established incurability as compared 
with only 4 per cent of the nonresponders. 

8. No correlation could be established be- 
tween the length of free interval and the 
average period of survival in the entire 
series, or in the responders and the nonre- 
sponders. 

9. Until a more precise measure of total 
disease is available, measurements of effec- 
tiveness of therapy for palliation in incura- 
ble breast carcinoma must remain as crude 
estimates. 
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THE PLICATION PROCEDURE IN THE TREATMENT 
OF SMALL BOWEL ADHESIONS 


EDGAR J. POTH, M.D., F.A.C.S., FRED J. WOLMA, M.D., F.A.C.S., and 


JOHN B. LYNCH, M.D., Galveston, Texas 


EXTENSIVE intra-abdominal adhesions fre- 
quently develop after mechanical or in- 
flammatory trauma to the visceral peri- 
toneum and may cause repeated attacks of 
intestinal obstruction. Eating initiates pain- 
ful peristalsis which results in weight loss 
due to self-imposed dietary restriction. 
Numerous operations may follow only to 
aggravate the situation by increased forma- 
tion of adhesions. Not infrequently these 
individuals become abdominal invalids 
suffering almost continuously from pain 
caused by varying degrees of bowel ob- 
struction. Narcotic addiction is distressingly 
high. 

Although the reformation of adhesions 
following their lysis cannot be prevented, 
the site of formation can be controlled and 
bowel obstruction avoided by a method 
suggested by Noble called “plication.” De- 
nuded loops of small bowel are sutured to- 
gether and the adhesions form between ad- 
jacent segments of intestine thereby pre- 
venting attachment to the root of the 
mesentery and other fixed structures. Since 
the earlier report by Poth, Lewis, and 
Wolma intestinal plication was been con- 
tinually employed at this institution with 
most gratifying results. 


THE PLICATION PROCEDURE 

Indications. Initially this procedure was 
used only after extensive damage to the 
serosa of the small bowel upon lysis of ad- 
hesions due to recurring attacks of intestinal 
obstruction. The segments plicated usually 
did not exceed 3 to 4 feet, but as experience 
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increased and favorable results accrued 
plication was extended to all portions of the 
small bowel and in a limited fashion to the 
colon. Occasionally the terminal ileum is 
plicated to the cecum and ascending colon. 
Plication is currently used as a secondary 
procedure whenever intestinal adhesions of 
any magnitude are encountered in the 
course of an abdominal operation. Boldness 
is essential to insure good results. All adhe- 
sions must be taken down, and subsequently 
all traumatized bowel is included in the 
plication. If two segments of traumatized 
bowel are separated by a normal segment 
of considerable length, it is safe to plicate 
the two areas separately and leave the nor- 
mal intervening bowel undisturbed. 
Preoperative preparation. The degree of 
small bowel obstruction modifies the pre- 
operative preparation. Gastric suction is in- 
stituted if signs and symptoms of strangula- 
tion are absent, and decompression is at- 
tempted. Ideally, the patient is returned 
preoperatively to a low residue diet, and a 
combination of neomycin and sulfathali- 
dine is administered to eliminate the in- 
testinal bacteria. Intestinal antisepsis is a 
precaution against infection following un- 
avoidable opening into the bowel. 
Frequently obstruction is complete and 
will not resolve under gastric suction, or 
there may be evidence of strangulation. In 
either case immediate exploration is under- 
taken upon correction of dehydration, 
electrolyte and fluid imbalance, and anemia. 
During any operation the distended bowel 
may be opened unintentionally. In this 
event, the opened segment of bowel is drawn 
into a sterile basin and isolated with sterile 
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TABLE I.—AGE DISTRIBUTION OF 111 PATIENTS 


Age group, yrs. No. Per cent 
8 7 


sheets from the remainder of the field. De- 
compression can then be accomplished, fol- 
lowing which the contaminated portion of 
the bowel is sponged off with saline and 
covered with a pack moistened with 14 per 
cent neomycin solution. The entire small 
bowel is flooded with 1 per cent neomycin 
solution injected through a needle into the 
lumen. It has been repeatedly demonstrated 
that a specimen aspirated from the bowel 
within 30 minutes after the injection con- 
tains no viable bacteria. 

Technique of plication. All adhesions must 
be lysed. This process is the most tedious 
and time-consuming portion of the proce- 
dure. In cases of numerous previous ab- 
dominal operations or previous peritonitis, 
the free peritoneal cavity may be obliterated 
so that it is difficult to find a starting point 
for lysis of the adhesions. Occasional ex- 
treme cases may necessitate dissection ex- 
traperitoneally behind the peritoneal cavity, 
followed by dissection forward along the 
mesentery to identify a loop of bowel. How- 
ever, most intestinal adhesions can be 
separated easily and rapidly by a combina- 
tion of sharp and blunt finger dissection 
with less trauma or likelihood of opening 
into the bowel than by sharp dissection 
alone. The heavy adhesions, especially 
those to the root of the mesentery and rigid 
structures of the abdomen and pelvis, re- 
quire sharp dissection. Effective use of 
finger dissection shortens the procedure 
considerably. Freeing the entire small bowel 
requires an average of 30 minutes. If the 
freed loops of bowel are promptly returned 
to the abdomen, the patient withstands the 
procedure well. 

Once the adhesions have been freed the 


344 Surgery, Gynecology ¢ Obstetrics - March 1961 


plication proceeds by one of two methods 
according to the general principles outlined 
in Figures 1 and 3. The mesentery of a 
selected loop of bowel is sutured with a con- 
tinuous No. 4-0 chromic catgut suture be- 
ginning at the base of the mesentery and 
proceeding outward to the bowel. At this 
point, the suture is tied in continuity and 
is continued to appose the bowel of the two 
limbs to form the single unit of plication. 
Succeeding segments of bowel are plicated 
against the preceding limbs by folding the 
segment of bowel alongside and suturing it 
and its mesentery (Fig. 1). The suture may 
be placed near the mesenteric border of the 
bowel or near its antimesenteric surface. 
The limb of each plicated loop will average 
15 centimeters in length. The length of 
bowel plicated may vary from a few centi- 
meters to the entire small bowel. If the en- 
tire small bowel is plicated, the mesentery 
need not be closed. Another method of clos- 
ing the mesentery is to extend the final 
proximal and distal leaves of mesentery 
across the open ends of the loops of bowel 
and suture to the ends of the bowel of each 
loop and then along the edge of the mesen- 
tery (Fig. 3). 

The second method is according to the 
principle developed by Childs (Fig. 2). Long 
mattress sutures are passed through the 
mesentery adjacent to the bowel. This 
maneuver is rapid and gives excellent re- 
sults. The mesenteric spaces are obliterated 
by the same method as illustrated in Figure 
3. Should the entire small bowel be plicated, 
the mesenteric spaces need not be closed. 

Postoperative care. The postoperative man- 
agement demands considerable judgment 
and is greatly enhanced by experience. 
Gastric suction may be prolonged post- 
operatively. If the bowel is intact, discon- 
tinuance of suction is tried as soon as 
peristalsis has returned. Failure to pass gas 
is not unusual and it may be necessary to 
reinstitute suction repeatedly before gastric 
decompression can finally be discontinued. 
After bowel suture, suction is not inter- 
rupted until the patient passes flatus or 
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Fic. 1. These diagrams illustrate a procedure of plication by suture of the mesentery and bowel 
which is indicated especially when a limited length of bowel is involved. a, A length of No. 4-0 
chromic catgut suture armed at each end with a straight round needle is tied at the base of the 
mesentery, A, is carried loosely up the mesentery, pulled up and tied in continuity at B-B’; b, it is 
then continued on along the two limbs of bowel to C-C’ when it is again pulled up and tied. c, 
The second half of the suture is used similarly to the first half to effect suture of the third limb 
of bowel; d, suture is completed. 
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Fic. 2. Technique of plication devised by Childs in 
which no sutures are placed in the bowel wall. Long 
mattress sutures of No. 1-0 chromic catgut are placed 
through the mesentery in close proximity to the bowel. 
The length of bowel to be plicated is threaded as in- 
dividual limbs onto long, stiff, blunt, steel needles, A and 
A’, simultaneously and is supported by these two 
needles, while B and B’ are passed and the attached No. 
1-0 chromic catgut suture is pulled through. The clamps 
at both ends of needles A and A’ retain the bowel on the 
needles and serve as handles for holding the needles sup- 
porting the loops being plicated. The procedure is con- 
tinued as shown in Figure 3 by inserting 2 or 3 addi- 
tional mattress sutures. 


preferably has a bowel movement. Neomy- 
cin-sulfathalidine is administered for a few 
days if postoperative gastric suction is dis- 
continued within 10 days. Systemic antibi- 
otics should be given if the rectal tempera- 
ture exceeds 101 degrees F. Signs and symp- 
toms of intestinal obstruction are not un- 
usual and may continue a few days or for a 
period of 3 to 4 weeks. In no instance, how- 
ever, has obstruction required operative 
relief. Reoperation should be resisted. In- 
variably hyperperistalsis subsides. Obstruc- 
tion has recurred, but the plicated portion 
of bowel has in no instance been involved. 


TABLE II.—ANALYSIS OF THE MOST RECENT 64 
PATIENTS SUBJECTED TO PLICATION 

No. of previous No.of No. of previous operations for No. of 

abdominal operations patients intestinal obstruction patients 

0 37 

1 11 

3 


6 
3 
1 
1 
2 


64 


CASES AND RESULTS 

Poth, Lewis, and Wolma reported good 
results in 47 patients having undergone in- 
testinal plication. Plications have been per- 
formed in 64 additional patients as shown 
in Table II. 

The ages of the majority of patients are in 
the fourth, fifth, and sixth decades. Three 
deaths occurred in the immediate postoper- 
ative period. Childs devised a method to 
effect plication without placing sutures in 
the wall of the bowel, because of the de- 
velopment of fecal fistulas. This complica- 
tion has not been encountered in the series 
being reported here which covers a period of 
11 years. 


PREVIOUS SURGICAL TREATMENT 


Postoperative, intra-abdominal adhesions 
are the leading cause of intestinal obstruc- 
tion. One hundred two of the 111 patients 
had previously had at least 1 abdominal 
operation; 53 of these patients had 1 to 9 
operations for intestinal obstruction during 
a period of 28 years. An analysis of the last 
64 patients is given in Table II. 

Sixty-six of the 189 abdominal operations 
were performed for intestinal obstruction. 
At the time of operation 46 of these patients 
had either partial or complete obstruction. 
In the remaining 18 patients there was not 
actual obstruction at the time of operation, 
but the extensively denuded bowel resulted 
from lysis of adhesions carried out during 
the course of accomplishing the primary 
procedure. 

The extent of plication varied from a few 
inches to the entire small bowel, the average 
being approximately 4 feet usually located 
in the distal portion of the ileum. The prox- 
imal part of the jejunum is ordinarily free 
of adhesions. Plication of the entire small 
bowel was required 11 times in these 64 pa- 
tients. In some cases two segments of small 
bowel were plicated with an intervening 
segment of normal intestine. The terminal 
portion of the ileum was sometimes plicated 
against the cecum and ascending colon. In 
1 case plication of 14 inches of descending 


ileun 
Pl 
othe’ 
there 
proc 
dure 
tion 
artic 
POST 
M 
chre 
vale 
fact 
is re 
sym 
tent 
so t 
exte 
mul 
the 
P 
an; 
to | 
qui 
cess 
mu 
tim 
Vai 
are 
tior 
stal 
hy] 
pos 
anc 
cer 
bor 
has 
3 7 3 
4 10 4 
5 7 
| th 
2 : 9 the 
ele 
Totals 190 64 76 = for 
cas 


Poth et al.: PLICATION PROCEDURE IN TREATMENT OF SMALL BOWEL ADHESIONS 347 


and sigmoid colon was performed because 
of adhesions found between this loop and the 
ileum. 

Plication is regularly incorporated in 
other abdominal operations if incidentally 
there has been lysis of adhesions and is the 
procedure recommended for dealing with 
denuded bowel. Table III lists the proce- 
dures performed simultaneously with plica- 
tion in the 64 new patients reported in this 
article. 


POSTOPERATIVE COMPLICATIONS 


Many of these patients are depleted, 
chronically ill, and poor surgical risks. Con- 
valescence is usually progressively satis- 
factory because as soon as the obstruction 
is relieved recovery is rapid. The signs and 
symptoms of obstruction persist intermit- 
tently for widely varying periods of a day or 
so to several weeks probably because of the 
extensive trauma to the bowel wall and the 
multiple sharp angulations introduced by 
the plication procedure. 

Postoperative gastric suction is needed for 
an average period of 4.5 days, from 24 hours 
to 19 days. When prolonged suction is re- 
quired, it is usually not on continuously suc- 
cessive days. Frequently, decompression 
must be reinstituted, occasionally several 
times, before distention does not recur. 
Various complications which have occurred 
are listed in Table IV. If the partial obstruc- 
tion has been of high degree and long- 
standing with resulting marked degree of 
hypertrophy of the bowel musculature, the 
postoperative convalescence is usually short 
and relatively smooth. Prolonged convales- 
cence can be expected if at operation the 
bowel is thin walled and friable and there 
has been prolonged potassium deficit. 


MORTALITY 


Among the 111 patients having under- 
gone intestinal plication at this institution, 
there have been 3 deaths on the fifth, 
eleventh, and fifteenth postoperative days 
for a mortality rate of 2.7 per cent. These 
Cases are summarized as follows: 


Fic. 3. Completion of the plication procedure begun 
in Figure 2. Usually 4 or 5 mattress sutures are passed 
while supporting the bowel on needles A and A’. The 
mattress sutures are then pulled up loosely to appose the 
various limbs of bowel included in the plication. If the 
entire jejunum and ileum are plicated, closure of the 
mesentery is unnecessary. Less than complete plication 
requires that the mesenteric spaces are closed to prevent 
nonplicated loops of bowel from getting stuck in these 
limited spaces and possibly becoming obstructed. Closure 
is effected by bringing the proximal and distal extremi- 
ties of the plication across the open ends of the limbs and 
suturing to the ends of the various limbs and along the 
edge of the mesentery as illustrated by suture A. 


Case 1. A white female, aged 69 years, was ad- 
mitted to the hospital on 13 January 1960. She was 
chronically ill, with a history dating back to 1940, 
including duodenal ulcer, duodenal diverticulum, 
bleeding rectal polyp in 1951, four days later hyster- 
ectomy followed by fecal fistula via vagina which 
healed spontaneously, and abdominal cramps there- 
after. Rectal bleeding started again in March 1959. 
These hemorrhages were repeated and at times 
voluminous. In June 1959 a diagnosis of pernicious 
anemia was established. Operation was performed on 
22 January 1960 because of repeated bleeding from 
diverticula of the colon. Resection was performed of 
the left half of the transverse colon, splenic flexure, 
descending colon and sigmoid with coloproctostomy, 
lysis of adhesions of entire small bowel, and plication 
of entire small bowel. Early convalescence was satis- 
factory; temperature was essentially normal; bowel 
sounds were normal; no flatus was passed and suction 
could not be discontinued. On the eighth postopera- 
tive day sudden abdominal pain developed which 
proceeded rapidly to peritonitis with demonstrated 
subphrenic air and degeneration of the patient’s gen- 
eral condition. General anesthesia being too hazard- 
ous, the wound was opened locally and drains were 
introduced. Drainage was profuse for 24 hours. Then 
the situation worsened, and the patient expired on the 
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TABLE III.—TABULATION OF OPERATIONS PER- 
FORMED SIMULTANEOUSLY WITH PLICATION 


Type of operation 
Resection of portion of small bowel..............+: 6 
Resection of small bowel and repair of ventral hernia. 2 
Resection of small bowel fistula 1 
Resection of small bowel fistula, resection of an addi- 
tional segment of small bowel, and take down of 


opening between jejunum and colon.............. 1 
3 
Repair of traumatic opening in small bowel and inci- 

Repair of traumatic opening in small bowel......... 2 
Repair of incisional hernia and incidental appendec- 

Sigmoid resection and incidental appendectomy... .. 1 
Cholecystectomy, common duct exploration, and ap- 

1 
1 
Roux-Y cholecystojejunostomy (pancreatitis)... ..... 1 
Cholecystectomy and tube gastrostomy for suction... 1 
Right salpingo-oophorectomy (abscess)............- 1 
Excision of Meckel’s diverticulum and sigmoid resec- 

Closure cecal fistula and sigmoid resection for two fis- 

Take down jejunocolic fistula..................--- 1 


Cholecystostomy with removal of stones, resection of 
small bowel fistula, implant left ureter into sigmoid. 1 


Transverse colostomy, drain multiple abdominal ab- 
Cholecystectomy, choledochostomy for stones........ 1 


Repair hiatus hernia 


TABLE IV.—POSTOPERATIVE COMPLICATIONS 


Type of complication No. of patients 
we 2 
2 
1 
1 
3 
Postoperative electrolyte imbalance................ 1 
Recurrent draining fistula (small bowel fistula resected 

when plication done) that healed in 4 weeks...... 1 


Severe abdominal cramps occur postoperatively in 30 per cent 
of patients, 


fifteenth postoperative day. Postmortem examination 
revealed 2 small, free perforations in the ileum on the 
antimesenteric surface in areas of ischemia where the 
wall had been damaged in freeing the extensive ad- 
hesions. 

Case 2. A white female, aged 41 years, was first 
seen after an extensive pelvic exenteration for a per- 
sistent carcinoma of the cervix and the subsequent 
development of a small bowel fistula through the 
perineal wound, partial intestinal obstruction, and 
jaundice due to gallstones. She was considered a very 


348 Surgery, Gynecology ¢ Obstetrics - March 1961 


poor operative risk but operation was undertaken as 
her only chance for survival. A cholecystostomy was 
performed with lysis of adhesions and resection of the 
portion of small bowel containing the fistula. In ad- 
dition, numerous abscesses were encountered and 
evacuated and the peritoneal cavity was irrigated re- 
peatedly with 14 per cent neomycin solution. Exten- 
sive plication of small bowel was performed. Partial 
wound disruption and recurrent small bowel fistula 
developed postoperatively. The patient was con- 
valescing satisfactorily when she died suddenly on the 
eleventh postoperative day from pulmonary em- 
bolism. The abdominal cavity was clean, and the 
plication was examined and found to be in excellent 
condition. 

Case 3. A white female, aged 51 years, was ad- 
mitted to the hospital on 4 December 1959 with a 10 
day history of peritonitis following rupture of a 
diverticulum of the rectosigmoid. Progressively, small 
bowel obstruction developed. A barium enema on 7 
December resulted in rupture of the sigmoid abscess 
and extrusion of barium into and throughout the ab- 
dominal cavity. Immediate operation revealed exten- 
sive peritonitis and barium throughout the peritoneal 
cavity. A large opening was found in the rectosigmoid 
which could not be closed because of edema. The 
small bowel was dilated, edematous, and completely 
involved in adhesions and was covered with a 
fibrinous exudate mixed with barium. The pelvis con- 
tained an abscess including gross fecal masses. The 
presence of small bowel obstruction forced lysis of the 
adhesions. Additional large abscesses were en- 
countered in both lateral gutters. These were evacu- 
ated and the lining membranes removed. The small 
bowel was decompressed through a No. 13 needle at- 
tached to suction, and 600 cubic centimeters of 1 per 
cent neomycin were instilled into the intestinal lumen. 
The possibility of appendicitis could not be ruled out 
and the appendix was removed. The entire small 
bowel was plicated by using the mattress suture tech- 
nique. The abdominal cavity was irrigated repeatedly 
with 14 per cent neomycin. A transverse colostomy 
was performed. Since the defect in the rectosigmoid 
could not be closed satisfactorily, a pack was placed 
around the lesion. A drain was placed in each lateral 
gutter. 

The patient was critically ill for the first 3 post- 
operative days. On the fourth postoperative day the 
temperature had returned to normal, peristalsis re- 
sumed, bowel movements through the colostomy be- 
gan, and liquid diet was tolerated. However, on the 
fifth postoperative day, the patient became hypoten- 
sive and expired suddenly. Autopsy did not reveal the 
cause of death. The peritoneal cavity was unbeliev- 
ably clean. The peritonitis had largely resolved. 
There was no pus or odor present. Residual barium 
was adherent to the serosa. The plication was intact, 
patent, functioning, and well formed. 
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SUMMARY AND DISCUSSION 


The plication procedures are excellent 
methods of managing recurrent attacks of 
partial or complete small bowel obstruction 
due to intra-abdominal adhesions. With 
proper application of these principles the 
site of adhesions can be controlled, subse- 
quent bowel obstruction eliminated, and 
the hopeless attitude toward the so-called 
abdominal invalid changed into one of 
assurance that the condition can be cor- 
rected. The excellent results obtainable, the 
low incidence of complications, and the 
favorable mortality rate are reasons to en- 
courage the wide application of this pro- 
cedure. 


CONCLUSIONS 


1. The Noble plication procedure is an 
effective method of preventing recurrent in- 
testinal obstruction due to intra-abdominal 
adhesions. 

2. The procedure is performed with a low 
mortality rate even in poor risk patients. 
Convalescence may be prolonged. The pro- 


cedure can be combined with other major 
abdominal procedures without increasing 
the mortality rate. 

3. The procedure is technically simple 
and can be performed in a reasonable length 
of time. 

4. This procedure has been performed in 
111 patients with a mortality rate of 2.7 per 
cent. Obstruction has not recurred in a sin- 
gle instance in bowel which has been incor- 
porated in a plication. 

5. Damaged bowel should not be returned 
to the peritoneal cavity without first being 
plicated. 

6. This procedure should receive wide 
usage because it can be relied upon to cure 
recurring small bowel obstruction. 
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PATIENTS 


ROBERT F. HAGERTY, M.D., and MILTON J. HILL, M.S., 


Charleston, South Carolina 


VELOPHARYNGEAL CLOSURE, which includes 
the superior and posterior movement of the 
soft palate, the anterior movement of the 
posterior pharyngeal wall, and the medial 
movement of the lateral pharyngeal walls, 
is considered to play an important role in 
speech. In the cleft palate patient who has a 
speech difficulty, a rather short palate of 
limited range of motion coupled with a 
rather large nasopharynx is frequently found. 
Even after surgical repair of the cleft palate, 
these same characteristics often combine to 
prevent satisfactory speech. The surgical 
approach to improve or correct these ana- 
tomic abnormalities can be considered 
under three general categories: (1) displac- 
ing the soft palate posteriorly, (2) attaching 
the soft palate to the posterior pharyngeal 
wall, and (3) displacing the posterior pha- 
ryngeal wall anteriorly. This study is pri- 
marily concerned with procedures designed 
to move the posterior pharyngeal wall for- 
ward and thus improve velopharyngeal 
closure. 

A brief historical review of the develop- 
ment of pharyngoplasty commences with 
the work of Passavant in 1879. He de- 
scribed the elevation of a single pedicled soft 
tissue flap over the constrictor musculature of 
the posterior pharyngeal wall. The free end 
of the pedicle was sutured to its base with 
coaptation of the raw surfaces, and the 
lateral margins of the flap were secured to 
the sides of the pharynx. The projection so 
produced was not permanent, however, and 
therefore was abandoned by its originator. 
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In 1900 Gersuny injected vaseline into the 
posterior pharyngeal wall and into the soft 
palate of several cleft palate patients. He 
stated that the results were very successful in 
regard to improvement in speech and that 
the resultant tissue reaction was hardly 
worth mentioning. In 1904 Eckstein spoke 
of Gersuny’s method of vaseline injection 
with righteous indignation and was unkind 
enough to mention that one of Gersuny’s 
patients died of a fatal lung embolism on 
the day after operation, and several others 
suffered unilateral blindness from similar 
emboli. Eckstein, disdaining vaseline, in- 
jected paraffin into the posterior pharyngeal 
wall, in addition to numerous other areas, 
and reported a series of successes unmarred 
by any complications. In 1912 Hollweg and 
Perthes, of the University of Tubingen, 
reported the transplantation of autogenous 
costal cartilage behind the mucous mem- 
brane and musculature of the posterior 
pharyngeal wall through a cervical ap- 
proach just behind the sternocleidomastoid 
muscle. They reported a satisfactory reduc- 
tion of the oronasal aperture and some im- 
provement in speech. In 1926 Von Gaza, 
of the University of Gottingen, described in 
detail the external approach to the posterior 
pharyngeal wall and the insertion of 5 fat 
grafts in this area. He reported satisfactory 
improvement in speech. 

In 1928 the long hegemony of German 
surgery in this field was challenged by 
Wardill. He made a horizontal incision over 
the anterior arch of the atlas and, after 
wide undermining, closed the wound margins 
in a vertical direction. This was carried out 
as a separate operative procedure preceding 
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palatal closure. He presented about a half 
dozen cases and gave an appraisal of his 
results which appeared to be encouraging in 
regard to speech. In 1947 Bentley re- 
viewed 100 cases in which he had performed 
operations, using Wardill’s pharyngoplasty 
technique in the first 50 cases only. Examina- 
tion 4 to 8 years later revealed that there 
was no superiority in speech of those pa- 
tients who had the pharyngoplasty in addi- 
tion to palatal closure. In 1950 Hynes (12) 
described a method of pharyngoplasty in 
which two single pedicled flaps of mucosa 
and musculature, based superiorly, were 
elevated from the lateral aspects of the 
posterior pharyngeal walls and rotated 
medially in a horizontal position to provide 
bulk, and in some cases muscular move- 
ment, in the superior aspect of the posterior 
pharyngeal wall. This procedure is usually 
carried out in patients over 10 years of age 
and frequently requires midline division of 
the soft palate to obtain access to the opera- 
tive field. In 1953 he reported his results in 
36 cases, all associated with a combined 
pushback procedure of the soft palate (13). 
Of these 36 cases, 21 showed no muscular 
activity in the reconstructed cushion while 
15 did show mobility. Hynes made the fol- 
lowing interesting statement: “The posterior 
pharyngeal ridge remained static and non- 
contractile in 21 cases in spite of the fact 
that muscle was present in the flaps at the 
time of the operation; this is presumably the 
result of operative damage to the muscle or 
its nerve supply. Such a static ridge, how- 
ever, serves its purpose by acting as a perma- 
nent buttress against which the elongated 
soft palate is able to flap; perfect speech will, 
therefore, result provided the palate is mo- 
bile.” He states that his results in regard to 
speech were most satisfactory. 

In 1950 a Russian, Lando, introduced 
through the transoral route a homogenous 
cartilage graft into the posterior pharyngeal 
wall of a postoperative cleft palate patient. 
Previous surgery had been carried out on 
this patient to close and later lengthen the 
palate with unsatisfactory results in regard 


to speech. Despite the lack of speech ther- 
apy, examination of the speech 10 months 


after the cartilage pharyngoplasty revealed 
a perceptible improvement. 

It is thus seen that pharyngoplasty, in 
which category are loosely included all pro- 
cedures designed to bring the posterior 
pharyngeal wall forward, has a long and 
interesting history. The possibilities of this 
approach evoked interest because of the dif- 
ficulties encountered with the other two 
methods of reducing the velopharyngeal 
aperture. In the pushback procedure the 
soft palate tends to creep forward again be- 
cause of scar contracture, and there is al- 
ways the added possibility of further limita- 
tion of motion of the soft palate secondary 
to additional scarring or nerve damage. 
Velopharyngoplasty is certainly indicated 
and helpful in the case of the relatively im- 
mobile soft palate but appears to be a rather 
unsuitable procedure, introducing further 
anatomic abnormalities, in the case of the 
mobile palate with minor velopharyngeal 
inadequacy. 

It was decided first to examine the nor- 
mal functional anatomy of this area, accord- 
ing to the methods previously described 
(9, 10), in order to determine the relative 
activity and ranges of motion of both the 
posterior pharyngeal wall and the soft pal- 
ate. Since one can tell little about velo- 
pharyngeal closure by direct observation 
through the mouth, it was obvious that 
these studies must be carried out with 
lateral roentgenograms. It is recognized 
that such studies are two dimensional, fail- 
ing to indicate the medial movement of the 
lateral pharyngeal walls, but since the aper- 
ture under study is not round but more sim- 
ilar to a flat oval, roentgenographic studies 
tell a good part of the story. For this purpose 
an upright cephalometric laminagraphic 
roentgen-ray unit was devised in which the 
patient’s head is held in the true lateral 
position and the roentgenograms are taken 
through the midsagittal plane. Roentgeno- 
grams were taken of the palate at rest, mak- 
ing the “ah” sound and a hissing sound. 
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Tracings were made of these roentgeno- 
grams, and on the tracings a reference line 
was drawn from the anterior nasal spine to 
the midpoint of the tubercle of the atlas. A 
perpendicular line was erected at the mid- 
point of the tubercle and levels 1 centimeter 
below and 1 and 2 centimeters above were 
drawn parallel to the horizontal line as in 
Figure 1. This study was carried out on 80 
normal subjects, 50 white and 30 Negro, 
almost all of adult age. The results showed 
the average forward movement of the pos- 
terior pharyngeal wall in the subjects to be 
generally less than a millimeter. In the 30 
Negroes it was interesting to see that the 
amount of movement was somewhat greater. 
In many cases the posterior pharyngeal wall 
was slightly indented by the strong action of 
the soft palate pushing against it, especially 
with the hissing sound. Nine of the 80 sub- 
jects studied showed a significant Passa- 
vant’s bar. It was concluded that the actual 
extent of forward excursion of the posterior 
pharyngeal wall was so small as not to be 
clinically significant in the production of 
speech sounds. These findings suggested 
that there would be no interference with 
speech in performing surgery on the pos- 
terior pharyngeal wall. 

There still remained the possibility, how- 
ever, that this was not the case in cleft palate 
patients. For this reason 50 white postopera- 
tive cleft palate patients, ranging in age 
from 7 to 25 years, were studied in a similar 
manner and compared with 50 white nor- 
mal subjects, ranging in age from 7 to 22 


years. The average age of the cleft palate © 


group was 13.24 years and of the normal 
group 13.32 years. Included in the cleft pal- 
ate group were 14 types I and II, 28 types 
III, and 8 types IV clefts, using Veau’s 
classification. More forward movement of 
the pharyngeal wall was seen in the post- 
operative cleft palate group, but the actual 
amount of movement was very small and its 
contribution to speech probably insignifi- 
cant, as indicated previously (8). 

In patients whose soft palates were mobile 
and approached within a centimeter or a 


centimeter and a half of the posterior pha- 
ryngeal wall during speech sound produc. 
tion it was decided to introduce viable car. 
tilage grafts. Because most of these patients 
were in the lower age groups, autogenous 
cartilage grafts would not provide sufficient 
bulk to be effectual. In addition to lack of 
size, there were the further disadvantages 
of creating another defect and prolongation 
of the operative time. Viable homogenous 
cartilage, on the other hand, is readily avail- 
able, simply prepared for use, and easily cut 
to the desired shape. This cartilage is re- 
moved from adults under aseptic conditions 
and stored in a sterile container at a few 
degrees above freezing. 

Viable homogenous cartilage stored in air 
in sterile containers at 3 to 5 degrees C. was 
selected for this study after evaluation of 
several methods of storage and preparation, 
described previously. First, fresh cartilage 
was examined by utilizing supravital stains, 
metabolic studies, histologic sections, and 
analyses of electrolyte and water exchange, 
in order to obtain base line values (4). 
Cartilage stored in merthiolate-saline solu- 
tion, 1 to 4,000, was similarly examined and 
found to contain only nonviable cells both 
by supravital and metabolic studies (5). 
Examination of histologic sections and shifts 
in electrolyte and water content revealed 
cellular necrosis, increase in the sodium con- 
tent, and a loss of potassium. After periods 
of transplantation into human volunteers 
up to 1,059 days, examination of 14 such 
cartilage specimens revealed similar evi- 
dence of cellular necrosis in addition to an 
elevated respiratory rate resulting from 
fibrous tissue invasion by the host as seen in 
the histologic sections. 

Cartilage stored in human plasma at 3 to 
5 degrees was then studied by utilizing 
identical techniques (6). With this method of 
storage viability was lost more slowly over a 
period of a little less than 2 months. After 
transplantation into human hosts, there was 
further loss of viable cells but the fibrous 
tissue invasion was less than that seen with 
merthiolate stored cartilage. 
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The final method studied was that of 
storage in air (7). In this technique cartilage 
is stored in a sterile bottle which is capped 
and maintained at 3 to 5 degrees C. Viabil- 
ity of cartilage cells was maintained longer 
than after storage in merthiolate-saline solu- 
tion or in plasma. After long periods of 
transplantation in the abdominal walls of 
human hosts, cartilage previously stored in 
air had more viable cells and a more nor- 
mal histologic picture than cartilage stored 
in merthiolate or plasma. In addition, host 
invasion was least in the air stored cartilage 
after transplantation as determined by both 
direct measurement and respiratory studies. 

Although these examinations were limited 
in number and can be classed only as pilot 
studies, it appeared that viable homogenous 
cartilage was less invaded by the host than 
nonviable homogenous cartilage and _ is, 
therefore, more suitable for clinical use. The 
cartilage selected for patient use was 
screened much as blood in a blood bank, in 
order to eliminate the transfer of disease. 

The cartilage grafts were introduced 
behind the posterior pharyngeal wall through 
a transoral approach under general anes- 
thesia. A transverse incision approximately 
2 centimeters in length was made just 
superior to the anterior tubercle of the atlas 
after injection with saline solution. A pocket 
was developed superiorly with special scis- 
sors, one or more pieces of shaped cartilage 
introduced and the incision closed with 
chromic catgut sutures. Care was taken to 
place the cartilage in a position sufficiently 
superior to permit velar contact. In our 
hands the transcervical approach did not 
permit a sufficiently high placement of 
cartilage or dermal grafts to warrant its use. 

Preoperative and postoperative speech 
recordings, roentgenograms, and audio- 
metric studies of the first 20 subjects oper- 
ated on in the manner described were care- 
fully considered. The age of the 20 subjects 
ranged from 6 years and 1 month to 37 
years, with an average of 13.6 years. One 
patient was killed in an automobile accident 
before completion of the study. The speech 
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Fic. 1. Line drawing of laminagram of subject phonat- 
ing a. Drawing shows main reference line, A-A, drawn 
from anterior nasal spine to midpoint of the tubercle of 
the atlas; the perpendicular 7-7, erected at the midpoint 
of the tubercle; and the levels 7,2,3,4, at which the dis- 
tance from Y-Y to the posterior pharyngeal wall was 
measured. 


samples consisted of about 30 seconds of oral 
reading and conversational speech. Each of 
the 3 samples for a given subject contained 
the same words and phrases or passages, but 
the context varied slightly from subject to 
subject. Each subject was heard to count to 
10, name the days of the week or months of 
the year, and read a sentence or two from a 
prepared typewritten paragraph. The sub- 
ject who died during the interim between 
his first and second postoperative examina- 
tions could not be considered, so instead of 
60 there were 59 recorded speech samples. 
These were presented in random order to 4 
judges, all trained speech therapists. The 
judges heard the tape 4 times. The first time 
they were asked to rate the intelligibility of 
each speech sample on a 6 point scale rang- 
ing from 1, normal, to 6, completely unin- 
telligible. The second time they were asked 
to listen for ‘‘nasal emission,” i.e., the nasal 
escape of air during speech, and rate it on a 
6 point scale ranging from 1, normal or 
none, to 6, very much or extremely fre- 
quent. On the third presentation they rated 
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Fic. 2. Schematic diagram on centimeter squares 
representing the mean posterior pharyngeal wall profiles 
of a group of 20 postoperative cleft palate subjects before 
(+++++), 1 month after (“~~~), and 1 year after ( ) 
cartilage pharyngoplasty. 


speech “‘articulation” from 1, normal, to 6, 
extremely defective. It was found necessary 
roughly to define a 6 rating of articulation 
as meaning that 5 or more different speech 
sounds in the sample were misarticulated. It 
should also be pointed out that the meaning- 
ful information collected by the judgment 
procedures was not the raw ratings but the 
differences between the preoperative and 
postoperative ratings, so although a given 
preoperative sample might have been rated 
2 by one judge and 3 by another, if the 
postoperative ratings were 1 and 2 respec- 
tively they are essentially in agreement con- 
cerning the amount of change which has 
taken place, in that each has rated the sam- 
ple 1 point better postoperatively than pre- 
operatively. The fourth judgment made per- 
tained to hypernasal voice quality, termed 
“‘hypernasality,” again on a 6 point scale 
from 1, normal, to 6, extremely hypernasal. 


TABLE I.—COMPARISON OF THE ANTEROPOS- 
TERIOR PROJECTION OF THE POSTERIOR 
PHARYNGEAL WALL AFTER CARTILAGE PHA- 
RYNGOPLASTY 1 MONTH AND 1 YEAR POST- 
OPERATIVELY 


— Anteroposterior projection levels__ 

7 2 3 4 

5 6 3 4 
Loss of 2 mm. or less 5 9 10 4 


*Anatomic variation precluded measurement in 5 subjects. 
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Laminagraphic roentgenograms were 
made of each subject at rest, phonating the 
vowel a‘, and producing the continuant 
consonant s. The subjects were carefully 
prepared for the task, and trained personnel 
was present to listen and judge whether the 


sounds being produced were the phonemes peu 
which were desired. 

In Figure 2 are depicted the mean pos- J pharyn 
terior pharyngeal wall profiles of the group §§ group | 
before pharyngoplasty and 1 month and 1 ward. | 
year after pharyngoplasty. One month after [J subject 
operation the mean amount of reduction in J of the ' 
the velopharyngeal aperture or forward dis- [J contact 
placement of the pharyngeal wall resulting JJ during 
from the insertion of the cartilage graft, as JJ tent of 
determined by measurements previously to the 
described, was 0 millimeters at 2 centi- the lin 
meters above AA (the ANS midpoint of [J month 
tubercle line), 4 millimeters at 1 centimeter JJ during 
above, 9 millimeters at the reference line, ing th 
and 7 millimeters at 1 centimeter below the tact W 
line AA. Eleven months later, 1 year post- JJ millim 
operatively, these means were 0, 1, 6, and 5 8 shox 
millimeters, respectively. At the most im- and 1 
portant levels, however, relative to velar range 
contact with the posterior pharyngeal wall The 
(levels 2 and 3) there was negligible loss of [§ who v 
forward displacement in three-fourths of the of the 
subjects (Table I). follow 

Of the 20 subjects studied, 2 had auto- imprc 
genous cartilage grafts, the remainder via- ity, a 
ble homogenous cartilage grafts. One would nasal 
expect better survival and long-term effi- the su 
cacy of the autogenous cartilage. However, in the 
1 of these 2 showed partial resorption. phar} 

In the viable homogenous cartilage we intel 
can probably expect a slow replacement by 17 les 
fibrous tissue with resultant loss of bulk in sion. 
the posterior pharyngeal wall. This was seen It. 
in several cases but the speech loss did not forwé 
appear to be directly proportional. If the rema 
loss continues to be minimal over the years, subje 
in early adulthood, operation could be per- judg 
formed again and a large autogenous carti- cult 
lage graft be inserted. resul 

Table II shows the improvement in velo- acqu 
terio 


1The vowel sound which, in general American speech, is 
heard in the words top, hop, pot, and mop. 


| 
1 N=20 
No... 
Range, mm 
A Mean, mm. 
Y 
Loss of greater 
than 2 mm. —__ 4 4 6 11 
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TABLE II.—VELOPHARYNGEAL CONTACT 


0 
4.0 to 13.0 
6.7 


5 
3.5 to 15.0 
8.6 


12 
5.0 to 21.0 


Normals 
N= 50. 
[2] 


8 1 3 50 
1.0 to 11.0 5.0 to 24.0 4.0 to 35.0 5.0 to 40.0 
7.3 12.5 17.0 21.2 


Ranges and means were derived from those subjects in whom velopharyngeal contact took place. The two columns on the right show the figures 
pu for velopharyngeal contact among normal subjects. 


y reported for 


pharyngeal contact which resulted in the 
group by moving the pharyngeal wall for- 
ward. Prior to pharyngoplasty none of the 
subjects achieved closure during phonation 
of the vowel a. Five of the 20 palates made 
contact with the posterior pharyngeal wall 
during production of s, and the average ex- 
tent of this contact from the most superior 
to the most inferior point measured along 
the line of contact was 8.6 millimeters. One 
month after pharyngoplasty 10 had closure 
during a, and 12 showed closure while mak- 
ing the s sound. The mean extents of con- 
tact were 6.7 millimeters for a and 11.8 
millimeters for s. One year after operation 
8 showed velopharyngeal contact during a 
and 12 during s. The means were 7.3— 
range 1.0 to 11.0—and 12.5 millimeters. 

The number of individuals in the group 
who were judged to have improved in each 
of the four rated aspects of speech were as 
follows: 15 to have increased intelligibility, 
improved articulation, and less hypernasal- 
ity, and 13 were judged to have less audible 
nasal emission of air during speech. During 
the subsequent 11 months other individuals 
in the group improved so that 1 year after 
pharyngoplasty 18 were judged to be more 
intelligible, 16 to have better articulation, 
17 less hypernasality, and 17 less nasal emis- 
sion. 

It is interesting to note that although the 
forward displacement of the pharyngeal wall 
remained fairly constant in only 15 of the 
subjects studied, a greater number was 
judged to have better speech. This is diffi- 
cult to account for, but thought to be the 
result of improved speech habits which were 
acquired during the period when the an- 
terior displacement of the posterior pharyn- 


geal wall allowed better velopharyngeal 
contact. One subject continued to have nor- 
mal speech after complete resorption al- 
though preoperatively her speech had con- 
tained several minor defects. 

Table III shows the average ratings of 
the group on the 6 point scales used, pre- 
operatively, 1 month postoperatively, and 1 
year postoperatively. The group was judged 
to be about one step closer to normal speech 
on the 6 point scale 1 year after pharyn- 
goplasty. Only 2 of the subjects had had any 
speech therapy at all during this time, so the 
differences in the group did not appear to 
be attributable to improvements through 
speech therapy, nor did it seem likely that 
maturation would account for the improve- 
ment in subjects of that age range. This was 
substantiated by review of clinical notes on 
other postoperative cleft palate individuals, 
also seen at yearly intervals, who had not 
had the pharyngoplasty operation. 

Since the cartilage was being implanted 
in proximity to the eustachian orifices, the 
question of possible hearing loss related to 
collapsed eustachian tubes was posed. The 
mean air conduction thresholds for the 
group were compiled from the preoperative 
and postoperative audiograms. The mean 
air conduction threshold of the group pre- 
operatively was 10.45 decibels relative to 0 


TABLE III.—_MEAN JUDGMENTS ON A 6 POINT 
SCALE OF THE SPEECH OF 20 SUBJECTS BEFORE 
AND AFTER PHARYNGOPLASTY 


Pre- One month One year 
pharyngoplasty postoperatively postoperatively 
2.3 
2.7 
2.2 
3.1 


A 1 rating indicates normality, 6 extreme defectiveness. 
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normal ear threshold, and 1 year after 
operation the mean threshold was 10.8 
decibels. No change in hearing function was 
demonstrated. 

In conclusion, the results of this study in- 
dicate that forward displacement of the 
posterior pharyngeal wall is an effective pro- 
cedure for improving the speech of post- 
operative cleft palate persons whose palates 
are mobile but not capable of satisfactory 
velopharyngeal closure. It is not the proce- 
dure of choice when the palate has little or 
no mobility. Pharyngoplasty provides an 
anatomic situation which enables the pa- 
tient to make use of whatever velar move- 
ment he has. Ten millimeters of velar excur- 
sion from the rest position, for example, is of 
no use for closure if the distance of velar 
travel necessary for closure is 15 or 20 milli- 
meters, but if the amount of necessary ex- 
cursion is reduced by moving the pharyn- 
geal wall within velar range, then even lim- 
ited palatal mobility becomes useful. 


SUMMARY 


Viable human cartilage grafts, 2 auto- 
genous, the remainder homogenous, were 
placed in the posterior pharyngeal walls of 
20 postoperative cleft palate patients through 
a transoral approach to reduce the velo- 
pharyngeal insufficiency. These patients 
were studied preoperatively and 1 month and 
1 year postoperatively with upright cephalo- 
metric laminagraphic roentgenograms and 
speech recordings. There was almost com- 
plete loss of 4 such grafts, 1 of these being 
autogenous. In general there was satisfac- 
tory maintenance of the pharyngeal wall 
projection by three-fourths of the grafts 
after 1 year of transplantation. The trans- 
oral approach was more successful in our 
hands than the transcervical in permitting a 
sufficiently high placement of the grafts. 
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The amount of improvement in velo. 
pharyngeal contact was determined by 


measurements carried out on tracings of the COL! 

roentgenograms. Four judges rated the pre- 

operative and postoperative speech samples 

in terms of intelligibility, nasal emission, RONA| 

articulation, and hypernasality. The results WILLI 

indicate that forward displacement of the ) 
pharyngeal wall is an effective procedure for [J Roches 
improving velopharyngeal contact and 

speech of selected postoperative cleft palate 

patients. URETE 

cepted 
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AN EXPERIMENTAL STUDY OF THE ROLE OF THE 
COLONIC MUCOSA IN HYPERCHLOREMIC ACIDOSIS 


RONALD H. HAYWARD, M.B., Ch.B., KHALIL G. WAKIM, M.D., 
WILLIAM H. REMINE, M.D., F.A.C.S., and JOHN H. GRINDLAY, M.D., F.A.C.S., 


Rochester, Minnesota 


URETEROSIGMOIDOSTOMY has been an ac- 
cepted surgical procedure in man for many 
years. Only recently, however, have ex- 
planations been offered for the disturbances 
that sometimes develop after urinary diver- 
sion. 

First, a state of hyperchloremic acidosis 
may appear as a complication; this is said 
to result from reabsorption of urinary prod- 
ucts or renal insufficiency or both. Evidence 
for the reabsorption of sodium, chloride, 
ammonia, and urea by the colonic mucosa 
has been reported by several investigators, 
but the relative importance of reabsorption 
of electrolytes by the colon as contrasted 
with renal insufficiency in the production 
of acidosis has not been clearly determined, 
nor have the systemic effects of reabsorbed 
urinary products been completely elucidated. 

Second, it is known that over a variable 
period the kidneys may become somewhat 
damaged by hydronephrosis caused by ure- 
teral obstruction and infection, thus becom- 
ing more or less incapable of such functions 
as maintenance of the acid-base balance or 
conservation of potassium. However, it is 
not known whether prolonged re-excretion 
of reabsorbed urinary products or acidosis 
per se is capable of damaging the kidney. 

More recently, depletion of body potas- 
sium has been recognized as a serious prob- 
lem after ureterosigmoidostomy. Loss of 
potassium may occur in four ways, namely, 
(1) the mobilization and excretion of potas- 
sium caused by the continuous entry into 
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the blood stream of sodium chloride ab- 
sorbed from the colon, (2) renal insufficiency, 
with resulting loss of potassium by the kid- 
ney, (3) acidosis, with renal loss of potas- 
sium, and (4) continuous irritation of the 
colonic mucosa, with loss of potassium-rich 
secretions per rectum. In addition, a defi- 
ciency of potassium is known to produce 
histologic changes in the heart and kidneys. 

The present study was carried out to de- 
termine the contribution of reabsorption of 
urinary constituents by the colonic mucosa 
in the production of electrolytic imbalance 
after urinary diversion and to assess the fac- 
tors contributing to depletion of potassium. 
Additional information about these prob- 
lems was provided by histologic study of the 
colon and heart muscle. In a later communi- 
cation, the role of the kidney in hyper- 
chloremic acidosis will be considered in 
more detail (6). 


METHODS 


Adult mongrel dogs weighing between 10 
and 18 kilograms were used. All were fed a 
single daily ration of dog food. Anesthesia 
produced by ether or pentobarbital sodium 
(nembutal) was employed during the oper- 
ations. Because ureterosigmoidostomy in- 
volves a hazard of ureteral obstruction and 
subsequent hydronephrosis, urine was di- 
verted by anastomosing to the colon either 
the fundus or the trigone of the bladder with 
a surrounding cuff of vesical wall. The 
anastomosis was made to the_rectum (Fig. 
1a) in 15 animals and to the region of the 
cecum (Fig.1 b) in 36; in a third group of 
10 animals, an intermediate site was used, 
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TABLE I.—REPRESENTATIVE CONCENTRATIONS OF 
BLOOD CONSTITUENTS IN DOGS WITH URINARY 
DIVERSION 


Anastomosis 
of bladder to:— 
Upper Normal average 
Constituents Rectum colon range___ 
Blood urea, mgm./100 
80 80 26.8 (14.2-36.9) 
Serum chloride, 
112 120 110 (107.1-113.6) 
Plasma CO2-combining 
power, millimols/l... 24 16 25.47 (23.55-27.67) 
7.30 7.15 7.314 (7.235-7.385) 
Serum potassium, 


4.7 (4.2-5.2) 


mgm./100 ml....... 1 1 — 
Plasma phosphate, 
mgm./100 ml....... 4 4 


the middle third of the colon. In the last 
two groups, the fecal stream was diverted 
from the site of vesical anastomosis by 
ileosigmoidostomy. 

In 2 dogs from the first group, the usual 
anastomosis of the trigone to the rectum was 
made but a blind pouch of colon was left 
behind, the fecal stream being diverted by 
proximal colostomy; 1 of these dogs had a 
pouch comprised of 50 per cent and the 
other of 90 per cent of the original colon 
(Fig. 2). The fecal stream of 2 animals from 
the second group was diverted to the exterior 
by ileostomy. In 3 normal dogs, Pavlov’s 
tubes were introduced into the upper part 
of the colon; in 2 other normal dogs, poly- 
vinyl tubes were inserted in a similar posi- 
tion via the tip of the appendix. In order to 
reduce the renal reserve, one kidney was 
excised from each of 2 of these animals, and 
approximately two-fifths of the remaining 
kidney was destroyed by a technique to be 
described in a subsequent communication. 
The urine excreted by these animals was 
collected from the bladder by indwelling 
catheters and reintroduced through the 
aforementioned tubes continuously at a con- 
stant rate for as long as 7 days in an attempt 
to produce hyperchloremia and acidosis. 

The results of urinary diversion were fol- 
lowed carefully, in some instances for 12 
months or more, by repeated recording of 
body weight and analysis of blood to de- 


termine the presence and rate of develop. 
ment of imbalance of electrolytes or acid- 
base. Blood alkali reserve, pH and concen- 
trations of urea, chloride, and potassium 
were determined frequently; at certain in- 
tervals, measurements were made also of 
sodium, creatinine, phosphate, and mag- 
nesium. The content of potassium in muscles 
was determined by biopsy in 25 dogs during 
life. At necropsy, sections of the colon from 
30 dogs and heart muscle from 16 animals 
were taken for histologic study, and the level 
of the site of anastomosis was measured in 14 
dogs for calculation of the percentage area 


of the colonic mucosa that had been exposed _ 
to urine by the different surgical procedures. — 


Specimens of skeletal muscle were removed 
from 7 dogs after death and analyzed for 
content of potassium. 

Blood urea was determined by the method 
of Conway, serum chloride by the method of 
Schales and Schales, and the plasma carbon 
dioxide-combining power according to Peters 
and Van Slyke; blood pH was measured by 
the Cambridge research model pH meter. 
Serum sodium and potassium concentrations 
were determined by use of the Baird internal 
standard flame photometer. Skeletal muscle 
potassium was obtained by preliminary ash- 
ing of the specimen. Plasma creatinine was 
determined by the method of Bonsnes and 
Taussky, and phosphate and magnesium 
were measured according to the technique 
of Fiske and coworkers, as outlined by 
Kolmer and associates. 


RESULTS 


Changes in concentration of blood constituents 
after urinary diversion. Those dogs which had 
diversion of urine into the rectum, thus ex- 
posing about 40 per cent of the colonic 
mucosa to the urine, maintained a normal 
acid-base balance throughout the duration 
of the study and showed only moderate 
hyperchloremia. In animals in which up to 


100 per cent of the colonic mucosa was ex-4 


posed, hyperchloremia and severe acidosis 
usually developed within 10 to 14 days; dogs 
with the intermediate site of anastomosis 
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Fic. 1. 


Cuff of 
bladder 


Fic. 2. 


Fic. 1. a, Method of anastomosis of trigone to rectum. b, Anastomosis of bladder to upper part of 


colon, with ileosigmoidostomy. 


Fic. 2. Anastomosis of trigone to rectum, with proximal colostomy. 


and exposure of approximately 70 per cent 
of the colonic mucosa behaved similarly. 
Table I shows representative concentrations 
of the blood constituents observed while the 
animals remained in good health. These are 
not average values for each group of dogs, 
as the severity of the chemical alterations in 
the blood varied somewhat from time to 
time. Significant changes were not observed 
in sodium, creatinine, phosphate, or mag- 
nesium. This table reveals a definite increase 
in serum chloride and a definite reduction in 
pu and carbon dioxide-combining power in 
the animals with diversion of urine to the 
upper part of the colon, whereas the in- 
crease in urea is the same in both groups. 
The 2 dogs with diversion of urine to the 
rectum and diversion of the fecal stream by 
colostomy showed, in contrast to others with 
a similar site of anastomosis but no colos- 
tomy, fluctuating hyperchloremia and aci- 
dosis which became more severe in the ani- 
mal with the longer pouch (Table II). The 
2 animals with diversion of urine to the 
upper part of the colon and ileostomy had 


hyperchloremic acidosis of slightly greater 
severity than did the dogs with ileosigmoid- 
ostomy (Table IT). 

Prognosis after operation and potassium content 
of serum and muscle. Dogs with diversion of 
urine to the rectum maintained or gained 
weight and did not show decreased serum 
potassium or a significant decrease in the 
amount of potassium in muscle (Table III). 

Animals with anastomosis of the bladder 
to the upper part of the colon did poorly, 
with but few exceptions, usually surviving 
for only 6 to 8 weeks. The cause of death 
was uncertain but did not appear to be ex- 
cessive acidosis, hyperchloremia, or potas- 
sium deficiency, although these dogs often 
showed a progressive decrease in the con- 
centration of serum potassium the longer 
they survived. Electrocardiograms made on 
5 moribund dogs did not support a diag- 
nosis of potassium depletion, and the amount 
of potassium in muscle at death or after the 
animals were killed because of poor health 
was within the normal range in 3 of 7 dogs. 
The concentrations in the other 4 animals, 
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TABLE II.—BLOOD CONSTITUENTS IN DOGS WITH URINARY DIVERSION 


Date. 


Blood constituent 
Chloride, mEq./1 


Dog No.* 86-57 
1 125.6 109.0 
2 
CO:-combining power, 
millimols/1 


10-10-57 


11-1-57 12-557 6-58 7-28-58 
119.3 115.2 107.6 ~- 
112.8 122.4 122.5 


8-15-58 9-15-58 


17.79 21.11 


19.09 16.58 
7.180 7.264 


7.195 7.079 


“Dog 1 had urine diverted to rectum and proximal colostomy; dog 2 had urine diverted to upper part of colon and ileostomy. 


while below normal, were probably not low 
enough to be incompatible with life. Simi- 
larly, biopsy determination of the content of 
potassium in muscles of 5 other dogs failed 
to reveal a significant deficiency after pro- 
longed acidosis (Table III). 

In most cases, the health of animals with 
diversion of urine to the upper part of the 
colon deteriorated rather quickly; they lost 
weight, became weak, and finally were 
comatose. Muscle spasms occasionally were 
observed. Presumably because of associated 
anorexia and hence reduced electrolytic in- 
take, their acid-base balance initially re- 
turned to normal, and then hemoconcen- 
tration and uremia followed. Except in one 
instance, the body temperature did not in- 
crease. Two dogs showed definite improve- 
ment after oral administration of potassium 
triplex and water, although their electro- 
cardiograms were not diagnostic of severe 
depletion of potassium. One of these sur- 
vived for several months and during this 
period again manifested acidosis. 

Water intake after urinary diversion. Nor- 
mally, a dog drinks between 300 and 400 
milliliters of water per day. The average 
intake of water after urinary diversion was 
approximately 1,400 milliliters per day dur- 
ing severe acidosis. 


TABLE III.—AVERAGE CONCENTRATIONS OF MUS- 
CLE POTASSIUM IN DOGS WITH URINARY DI- 
VERSION 

——Potassium, mEq. per 100 gm. (range) __ 
Wet muscle Dry muscle 


94.4 (90.3-99.0) 362.6 (336.0-378.2) 
91.8 (82.2-97.9) 360.5 (328.2-380.9) 
88.6 (85.2-92.3) 349.0 (330.9-374.1) 
87.8 (79.4-98.9) 333.1 (293.2-389.0) 


*Eight degs with diversion of urine to the rectum. 

tTwelve _ with diversion of urine to the upper or middle third of 
the colon; a=5 live animals, and b=7 animals dead or killed because 
of poor health after prolonged hyperchloremic acidosis. 


Effect of oxytetracycline on hyperchloremic «ci- 
dosis. ‘Two dogs were given 1,000 milligrams 
of oxytetracycline (terramycin) orally e.ich 
day for 5 days while in a state of hyper- 
chloremic acidosis. In neither instance was 
there any benefit; in fact, the acidosis !)e- 
came somewhat more severe. 

Effect of administration of potassium «nd 
sodium bicarbonate to dogs with diversion of urine 


to upper colon. Administration of potassium | 


alone doubtlessly is beneficial to the animal 
with urinary diversion; this was demon- 
strated by the increase in body weight and 
serum potassium in 2 dogs in which the 
entire colon was exposed to urine. Because 
of the poor prognosis of animals with diver- 
sion of urine to the upper region of the 
colon, it was decided to treat 5 of them 
indefinitely by the oral administration of 
sodium bicarbonate and potassium triplex 
in doses sufficient to produce an almost 
normal acid-base balance—10 milliliters of 
potassium triplex and 5 to 10 grams of 
sodium bicarbonate daily. All of these ani- 
mals were in a poor state of health when 
treatment was begun and probably would 
not have survived for many more weeks, yet 
they responded by showing a gain in body 
weight. The 2 dogs with ileostomy subse- 
quently died from stenosis of the stoma; of 
the remaining 3, 1 was observed for 6 
months and 2 for 14 months. When this 
treatment was discontinued, the latter 3 
dogs lost weight and died within 2 months. 

Histologic findings at necropsy. In 6 dogs with 
diversion of urine to the rectum and in 10 
animals with diversion of urine to the upper 
or ‘‘middle” part of the colon, the heart 
muscle was examined for evidence of the 
lesions associated with a deficiency of potas- 
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siui. Six of the animals in the second group 
ha: died spontaneously. In no instance were 
the ‘ypical lesions observed. 

|he histologic structure of the colonic 
mu: osa was examined in 30 dogs. Usually 
the {ower region of the colon, which had 
bec: exposed most constantly to urine, was 
studied. The epithelium was classed as nor- 
ma! in 8 cases, whereas the mucosa in 6 
cas revealed acute inflammatory changes 
thai may have represented only a terminal 
eve |. The remaining 16 animals demon- 
straicd abnormal epithelium, although the 
changes noted were probably not in any 
wa\ detrimental to health. One dog with a 
colonic pouch and colostomy revealed an 
increased number of mucous glands with 
abundant production of mucus. All of the 
remaining animals had some atrophy of the 
superficial layer of epithelium with forma- 
tion of a definite eosinophilic band or a layer 
of regenerative columnar epithelium cover- 
ing the underlying cells. The superficial 
goblet cells usually were reduced in number 
(Fig. 3). 

Instillation of urine into the colons of normal 
dogs. ‘The results of employing collected 
urine as a colonic irrigating fluid demon- 
strated the following facts in the 5 dogs in- 
vestigated in this fashion (Table IV). In 1 
dog, No. 73, an increase of blood urea, 
hyperchloremia, and a slight reduction of 
the carbon dioxide-combining power and 
blood pH were produced. Another dog, No. 
70, showed an increase of blood urea, poly- 
dipsia and polyuria, with increased excre- 
tion of chloride in the urine; when the water 
intake of this dog was restricted to 750 or 
1,000 milliliters per day, hyperchloremia 
developed, although retention of sodium 
also resulted and there was no significant 
change in the acid-base balance. One ani- 
mal, No. 71, demonstrated an increased 
blood urea and transient hyperchloremia at 
one stage of the study. Of the 2 dogs with 
approximately 70 per cent reduction of 
total renal tissue, 1, No. 72, showed a further 
increase in blood urea, moderate hyper- 
chloremia and some reduction of the carbon 


Histologic changes in colonic mucosa with 
urinary diversion to colon. Hematoxylin and eosin, 
x148. 


dioxide-combining power and blood px, but 
the other, No. 76, failed to show any signifi- 
cant change save a further elevation of blood 
urea. The latter animal, however, was de- 
hydrated and failed to eat during the experi- 
ment; consequently, little response could be 
expected because of the reduced load of 
electrolytes in the urine. The findings in dog 
No. 70 suggest that sodium is reabsorbed 
more effectively by the colonic mucosa when 
the urine is more concentrated. When diver- 
sion of urine to the upper part of the colon 
was Carried out subsequently in this animal, 
hyperchloremic acidosis of the usual severity 
developed within 10 days. 


COMMENT 


The results of blood analysis in these 3 
groups of animals indicate that the change 
in blood chlorides and acid-base balance 
can be predicted with reasonable certainty 
if one knows the total area of colonic mucosa 
exposed to urine and the length of time 
during which any particular quantity of 
urine remains in contact with the mucosa. 
When urine is diverted into the rectum, the 
absence of acidosis probably depends on two 
factors, namely, the small total surface area 
available for absorption and the lower 
absorptive capacity of this region of the 
intestine. It has been demonstrated in this 
study and by previous authors that urine 
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may regurgitate as far as the cecum; how- 
ever, in the present investigation, this state 
of affairs must have been only transient, the 
urine soon being returned to the main reser- 
voir in the rectum. 

Temporary hyperchloremic acidosis was 
observed from time to time in those animals 
with diversion of urine to the rectum, a blind 
pouch of colon and a proximal colonic 
stoma. That these pouches remained patent 
to serve as long colonic bladders was proved 
by excretory urography, and 1 such ani- 
mal was observed to void a large quantity of 
urine at intervals when the pouch became 
full. In other animals with anastomosis of 
the bladder to the rectum, leaving the con- 
tinuity of the colon undisturbed, proximal 
regurgitation of urine presumably was lim- 
ited by the presence of fecal material, and 
hence emptying of the intestine was more 
frequent. Similarly, in animals with diver- 
sion of urine to the upper part of the colon, 
_ the hyperchloremic acidosis was more severe 
when ileostomy had been carried out, prob- 
ably because of less frequent emptying of the 
colon, although loss of alkali from the ileum 
may have been a factor. The latter conclu- 
sion appears unlikely, however, in view of 
the early appearance of acidosis after uri- 
nary diversion, and this finding also proves 
that regurgitation of urine through the ileo- 
sigmoid stoma of other dogs did not precipi- 
tate acidosis. It was found, in agreement 
with Odel and associates, that hyperchlo- 
remia always preceded the development of 
acidosis and usually occurred within 5 or 6 
days after urine was diverted into the cecal 
region of the colon. Acidosis developed by 
about the tenth postoperative day, and it is 
improbable that the dogs would have sur- 
vived much longer if a deficit of alkali was 
the precipitating cause. 

Urea was the only other blood constituent 
to show a consistent change from normal. 
The increased concentration of urea was of 
the same order in all animals irrespective of 


the apparent total area of mucosa exposed . 


to urine. With the entire colon available for 
the absorption of urea, higher blood levels 
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-might have been anticipated, especially in 


view of the great concentration of urinary 
ammonia known to be present in acidosis. 
Three explanations for the observed find- 
ings probably are valid: (1) With hyper- 
chloremic acidosis, the urinary volume is 
large and consequently the urine is less con- 
centrated. (2) Because of the high urinary 
volume, the intestine is emptied more fre- 
quently and the duration of contact with tlie 
colonic mucosa is lessened. (3) The kidneys 
readily excrete urea. 

As expected, the daily intake of water w as 
greatest in those animals with severe hyper- 
chloremic acidosis, sometimes amounting to 
4 times the normal daily consumption. 

Although the use of antibiotics to reduce 
intestinal flora and hence the production of 
ammonia was tried in only 2 dogs, relief of 
acidosis was not achieved. Perhaps only a 
small amount of intestinal ammonia actual- 
ly results from breakdown of urinary urea 
unless urea-splitting organisms are present. 
Indeed, it is probable that this may be one 
of the factors causing aggravation of hyper- 
chloremic acidosis during an attack of 
pyelonephritis, if absorption of chloride as 
ammonium chloride increases as a result. 

The life span of the animals with severe 
hyperchloremic acidosis was definitely lim- 
ited. Diversion of urine into the rectum was 
compatible with longevity, and even those 
animals with anastomosis of the bladder to 
the cecum who did not have severe acidosis 
remained in a fairly good state of health. 
Loss of weight despite normal intake of food 
was usually the first indication that a dog’s 
health was deteriorating, and this was fol- 
lowed by progressive debility and wasting. 
Anorexia, dehydration, and death then en- 
sued, usually within 2 or 3 months of urinary 
diversion. In most cases, the gross findings at 
necropsy were insufficient to explain this 
condition. Although low values for serum 
potassium were found in several instances, 
the amount of potassium in muscle usually 
was not sufficiently decreased to explain 


death, and the electrocardiograms were not 
abnormal. 
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TAL. E IV.—BLOOD CONSTITUENTS IN DOGS DURING CONSTANT INSTILLATION OF URINE INTO THE COLON 


Day of observati 


Dog Blood constituent 


(Urea, mgm./100 ml 

Chloride, mEq./1 

With water intake restricted to less 

than 1,000 ml. daily 

Urea, mgm./100 ml 
CO:2-combining power, millimols/I. . 


Urea, mgm./100 ml 
(Urea, mgm./100 ml 
CO:2-combining power, millimols/I...... 
pu 
mgm./100 ml 
)CO2-combining power, millimols/I 


(Urea, mgm./100 ml 
Chloride, mEq./1 
CO2-combining power, millimols/1 


3 4 


106.8 


“*Aniandls with reduced renal tissue; each showed increased blood urea before colonic instillation of urine was begun. 


As mentioned previously, it was possible 
in a number of instances to retrieve a dog 
from a state of coma by the administration 
of water and potassium. One dog lived for a 
long time after recovery from one of these 
episodes and another regained conscious- 
ness but remained in a toxic state until |. - 
stroyed 2 days later. Comparison of the c .:- 
centrations of potassium in wet and dry 
muscle in the latter animal suggested over- 
hydration; in retrospect, water intoxication 
secondary to a deficit of base appears to be 
the most plausible explanation for the con- 
dition described. 

The beneficial effect of alkali was clearly 
demonstrated in the 5 dogs in poor condi- 
tion after diversion of urine to the upper 
part of the colon. All of these animals 
showed a steady increase in body weight 
and an improvement in well-being when 
they were maintained in normal acid-base 
balance, although 2 of them died from un- 
related causes. This confirms the observa- 
tions of Wilkinson, D’Agostino and associ- 
ates, and Annis and Alexander regarding 
loss of alkali from the intestine. It probably 
also explains why Jacobs and Stirling found 


a greater deficit of alkali and higher values 
for blood chloride 6 months after ureterosig- 
moidostomy than were noted after 1 month. 
Wilkinson mentioned the increased intes- 
tinal peristalsis associated with urinary di- 
version; it also appears likely that the inges- 
tion of large quantities of water can speed 
intestinal action and quickly eject the con- 
tents of the small intestine, with their high 
concentration of electrolytes, into the colon, 
whence the electrolytes would be lost by ex- 
cretion. It is unlikely that the anastomosis 
of the ileum to the sigmoid played any sig- 
nificant part in the development of the syn- 
drome for two reasons: (1) With the colon 
being continuously washed by urine, it 
would matter little where the small intestine 
entered it. (2) In Boyce’s studies, dogs with 
anastomosis of the bladder to the cecum 
alone also died without obvious cause. Ac- 
cordingly, exposure of a large area of mu- 
cosa to urine and the presence of acidosis 
are the main factors leading to deterioration 
of health. 

As already noted, histologic examination 
of the colonic mucosa revealed minimal 
changes in most instances. In some cases, 


re 


< 
= 
< 
= 
c 
= 


in 

Start 1 2 5 6 
nd- 109.7 109.2 110.4 110.5 ~ 
is | ~ -- — — 844 
119.6 116.1 109.7 120.7 127.8 

fre- 7.337 _ _ 7.265 

7 28.0 42.8 _ 41.0 

n of | 119.3 - — 115.2 on 
ual- 
rea 
ent. 
one 
7 
of 
yere 
was 
10s€ 
r to 
th. 
ood 
og’s BY 
fol- : 
ing. 5 
en- > 
lary 
this 
rum 
Ces, 
ally 
Jain 
not 


the mucosa was covered by a single palisade 
of regenerative epithelial cells; in other ani- 
mals, a hyaline or cornified layer was noted, 
with atrophy of the surface mucus-secreting 
cells. Although it is unlikely that these 
epithelial changes modified the state of hy- 
perchloremic acidosis in any way, it is con- 
ceivable that inflammatory changes could 
* allow increased absorption from the colon. 
This might be another factor causing the 
aggravation ofsymptoms with pyelonephritis. 
In attempting to reproduce hyperchlore- 
mic acidosis by the instillation of urine in 
dogs, one is faced with many difficulties. 
First, it is necessary to keep the animal con- 
fined in a cage, and any loss of appetite or 
refusal of food at once minimizes the possi- 
bility of obtaining sufficient reabsorption of 
chloride. Second, even when a pump is used 
to maintain a constant rate of injection of 
urine, supervision is required almost day 
and night to match the rate of urinary in- 
jection with that of urinary production. If the 
volume of urine becomes extremely large, 
further difficulties are encountered. Third, 
the dog does not voluntarily retain urine 
in the colon; if too much is introduced at 
any one time, the animal immediately will 
have mass peristalsis and excrete the con- 
tents of the intestine. Despite these diffi- 
x culties, it was demonstrated in several dogs 
with normally functioning kidneys that ab- 
sorption of urine from the colon could occur, 
with resultant increase of urinary volume, 
serum chloride, and blood urea. Only min- 
imal changes in the acid-base balance were 
obtained, but it is thought that acidosis 
would have followed the hyperchloremia if 
the experimental conditions could have 
been kept constant from day to day and the 
instillation of urine continued for a suffi- 
ciently long period. As noted previously, 
even after anastomosis of the bladder to the 
upper part of the colon, acidosis did not ap- 
pear until about the tenth day. Further- 
more, reduction of the amount of function- 
ing renal tissue in 2 dogs did not facilitate 
production of the syndrome. In the dog in 
which excessive urinary dilution was pre- 


364 Surgery, Gynecology ¢ Obstetrics - March 1961 


vented by restricting the intake of fluid, an 
increase of serum sodium occurred, and 
Wilkinson has noted the possibility of in- 
creased reabsorption of sodium if the urine 
is concentrated. 

These studies concerning the absorption 
of urine made one fact very obvious, naime- 
ly, that it is extremely difficult to reproduce 
the conditions existing after anastomosi- of 
the bladder to the colon in which wrine 
percolates continuously over the mucosa 
day and night. Only the latter situation al- 
lows the establishment of a vicious circl« of 
absorption of chloride, increased urinary 
excretion of chloride, and, hence, furtlier 
absorption. Any experiment in which urine 
is collected from the bladder, a portion ciis- 
carded, and the remainder introduced into 
the colon does not fulfill these requirements. 
Similarly, the introduction of a test solution 
into the colon while normal excretion of 
urine is allowed, as done by Kekwick and 
coworkers, does not reproduce the clinical 
syndrome and could not be expected to do 
so. The results obtained by Lapides, al- 
though often quoted, are not convincing 
evidence for the colonic absorption of urine 
or for the role of renal disease in precipitat- 
ing acidosis; the changes in concentrations 
of the blood constituents were variable and 
conflicting in Lapides’ report, and the dura- 
tion of the observations allowed insufficient 
time for the full development of changes in 
electrolytes. Stamey’s work appears to be 
satisfactory in this respect, although the 
changes reported might have been even 
greater if he had not been forced to discard 
a portion of the daily volume of urine. 


SUMMARY AND CONCLUSIONS 


A study was made of the results obtained 
in a total of 61 dogs in which the urinary 
flow was diverted to various parts of the co- 
lon. Similar studies were made of 5 normal 
dogs in which the urine was instilled into 
the colon. 

The onset and severity of hyperchloremic 
acidosis after urinary diversion in the dog 
depend on the region of the colon receiving 
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the vrine and the total area of the mucosa 
expo-ed. When a large area of colonic mu- 
cosa 5 exposed to urine and hyperchloremic 
acid:-is has developed, the life span of the 
anir | is definitely limited. A deficit of 
alka! is probably the main factor respon- 
sible or death, as the oral administration of 
pota--ium and sodium bicarbonate will 
mai! ain or improve the animal’s health. 
Nev: theless, a severe deficiency of potas- 
siun was not demonstrated in this study. 

M nutrition and a deficit of alkali result 
predominantly from a combination of 
acid«.sis and increased peristalsis with loss 
of iniestinal secretions per rectum. 

Antibiotics do not alter the state of hy- 
perchloremic acidosis, at least in the ab- 
sence of gross urinary infection. 

Minor histologic changes may occur in 
the colonic mucosa after exposure to urine. 
These consist mainly of the formation of a 
layer of epithelial cells or a keratinized band 
covering the underlying glands of the 
mucosa. 

Hyperchloremia and an increase of blood 
urea can be produced in the dog by expos- 
ing the entire colon to continuous instilla- 
tion of urine even in the presence of normal 
renal function. 
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THE EFFECT OF LARGE THERAPEUTIC DOSES 
OF PLASMIN ON FIBRINOGEN AND 
OTHER PLASMA PROTEINS 


H. OUCHI, M.D., R. G. SIMPSON, J. S. BELKO, M.S., and 
R. WARREN, M.D., F.A.C.S., Boston, Massachusetts 


ALTHOUGH there is some evidence, as re- 
ported by Back and associates, that intra- 
vascular thrombi continue to dissolve after 
cessation of therapeutic plasmin infusions 
and, due to fixation of the enzyme on the 
clot, even in the absence of peripheral blood 
fibrinolytic activity, our recent experimental 
work has shown that thrombolysis is more 
predictable if doses large enough to produce 
peripheral blood lytic activity are used (2). 
It has seemed pertinent to examine the effect 
of these doses, which are larger than have 
heretofore been reported in clinical use, on 
the other plasma proteins. 

The present report is of the administra- 
tion of thrombolysin for periods of 5 hours 
to 5 human volunteers. Thrombolysin refers 
to a combination of human plasminogen, 
prepared from Cohn fraction III further 
purified by repeated acid extraction and 
supplied in powder form, and streptokinase. 
The activity of the material is such that in 
10 minutes 7 units will dissolve a clot formed 
by the addition of 0.2 cubic centimeter of 
bovine thrombin (50 NIH units) to 1 cubic 
centimeter of 1 per cent bovine fibrinogen. 
The fibrinolytic material must be incubated 
at 37 degrees C. with the fibrinogen solution 
for 5 minutes before the thrombin is added. 
Total dosages were 500,000 to 750,000 units 
(100,000 to 150,000 units per hour) in 1,000 
cubic centimeters of 0.85 per cent sodium 
chloride solution, administered intravenous- 
ly. The following serial determinations were 
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made on plasma: fibrinolytic activity (cu- 
globulin clot lysis, and whole blood spont:in- 
eous clot lysis methods, described by Villa- 
vicencio and Warren), fibrinogen (micro- 
Kjeldahl), prothrombin activity (Quick 
method), factor V (Quick prothrombin 
method with added Ac globulin described 
by Warren and Belko), and the total plasma 
protein including albumin and globulin. The 
Duke bleeding time and the Rumpel-Leeds 
capillary fragility tests were also performed. 
Tests involving prothrombin time were also 
done with added fibrinogen to compensate 
for possible low fibrinogen levels which 
might influence the test. If active fibrinolysis 
made the fibrinogen determinations (which 
require fibrin formation) difficult, 50 Na- 
tional Institutes of Health units of thrombin 
were added. All tests were performed before 
the infusion, at the end, and 2 hours, 4 
hours, and 24 hours after it, and every 24 
hours thereafter until the values had re- 
turned to the preinfusion level. 


RESULTS 


Fibrinolytic activity. In all 5 individuals 
examination of the peripheral blood for 
lytic activity showed this to be either 100 
per cent (4 cases) or 75 per cent (1 case). In 
3 of 5 instances activity disappeared within 
2 hours after cessation of infusion. One indi- 
vidual in whom 100 per cent peripheral 
blood lytic activity was present at the end 
of the infusion showed no activity 2 hours 
later but again revealed 50 per cent activity 
4 hours after the infusion (Fig. 1). There 
was 1 instance in which activity persisted for 
a 6 hour period after cessation of infusion. 
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Fic. 1. Graphic representation of the effect of large 
therapeutic doses of plasmin on fibrinogen and other 
plasma proteins in Case 2. 

Fic. 2. Electrophoretic pattern in Case 2. a, Fibrino- 


In short, peripheral blood lytic activity was 
noted to disappear between 2 and 6 hours 
after cessation of infusion. 

Fibrinogen. In 4 of the 5 individuals a de- 


gen fraction before infusion (arrow). b, Note disappear- 
ance of fibrinogen fraction at the end of infusion (arrow). 
c, Note reappearance of fibrinogen fraction 72 hours 
after infusion (arrow). 


crease of fibrinogen of 27 per cent or more 
(27 to 100 per cent) below the preinfusion 


level was observed (Table I). In the first 
individual, values of fibrinogen fluctuated 
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TABLE I.—THE EFFECT OF LARGE THERAPEUTIC 
DOSES OF PLASMIN ON FIBRINOGEN AND PRO- 
THROMBIN IN 5 HUMANS 

(Total dose 500,000 to 750,000 units) 


Whole 
blood clot 


Time Time 
Decrease of required for Decrease of required for 
Case lysis test, fibrinogen recovery, prothrombin, recovery, 
No. per cent per cent hours per cent hours 


1 100 49 -t 50 
2* 100 44 72 58 
3* 100 100 48 81 
4 75 27 48 61 
5 100 11 4 30 4 


{Fibrinogen failed ne to the preinfusion level in 96 hours. 
after plasmin infusion and failed to return to 
the preinfusion level for a 96. hour period, 
at which time above-knee amputation was 
performed for progressive gangrene of the 
right foot. In the fifth individual a decrease 
of fibrinogen was only 11 per cent and re- 
turned to normal in 4 hours. Fibrinogen in 
the other 3 individuals returned to the pre- 
infusion values between 48 and 72 hours 
after infusion. 

Electrophoretic patterns confirmed the 
decrease of fibrinogen. A typical pattern 
(Case 2) is illustrated in Figure 2. 

Prothrombin. In all 5 individuals pro- 
thrombin decreased by between 30 and 81 
per cent (mean 56 per cent) of the pre- 
infusion level. One milligram—0.1 milliliter 
of 1 per cent solution—of bovine fibrinogen 
added to the test did not alter these results. 
Prothrombin returned to the preinfusion 
values by 48 to 72 hours after infusion. 

Factor V. There was no decrease in factor 
V in any of the individuals as measured by 
the method indicated. It is well recognized 
that beef serum contains materials in 
addition to factor V. 

Total protein. Total protein decreased in 4 
of 5 individuals in direct relationship to 
the decrease of fibrinogen. This decrease 
amounted to a mean of 9 per cent below 
the preinfusion level (range from 4 to 14 
per cent) and was seen equally in both the 
albumin and globulin fractions, 


Bleeding tests and clinical bleeding. The Duke 
bleeding time showed prolongation in 2 of 
the 5 individuals from 1.5 to 4.5 minutes. 
In both of them bleeding from venipuncture 
sites was obvious. Both these values returned 
to normal in 2 hours after cessation o! the 
infusion. There was no bleeding from mu- 
cous membranes nor was there hematuria. 
Neither gross nor occult blood was found 
in the stool. 


DISCUSSION 


Our experience with these detailed siud- 
ies on 5 patients and with 15 other patients 
in whom thrombotic disease was treated 
with doses of similar magnitudes sugyests 
that, whereas no clinical bleeding was ob- 
served, due caution must be exercised. Indi- 
cations for administration of large doses 
should be strict, and fibrinogen and pro- 
thrombin levels should be determined dur- 
ing therapy. 


SUMMARY 


1. The effect of therapeutic doses of plas- 
min (100,000 to 150,000 units per hour) on 
fibrinogen and other plasma proteins was 
determined in 5 humans. 

2. Decrease of fibrinogen and prothrom- 
bin was significant in 4 of 5 instances. Other 
plasma proteins diminished as well but in 
insignificant amounts. Recovery occupied 
a period of 48 to 72 hours. There was no 
clinical bleeding. 
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EDITORIALS 


TH}. CHOICE OF OPERATION IN PULMONARY CANCER 


DAVI!) P. BOYD, M.D., F.A.C.S., Boston, Massachusetts 


THE ‘REATMENT of bronchogenic carcino- 
ma is not uniform even among those of wide 
experience; extended pneumonectomy has 
been suggested but its value is questioned. 
Lobectomy is acceptable at times to some 
but it, too, has been decried. 

A review of our experience has persuaded 
us that certain recommendations can be 
made relative to procedure, depending upon 
the pathologic conditions encountered. 

In a substantial percentage of cases in a 
large series, a microscopic diagnosis may 
never be made. Many of these patients have 
advanced and hopeless disease. Neverthe- 
less, others in this group should be most 
favorable for long-term survival. The ques- 
tion therefore arises as to whether this more 
promising group should be treated aggres- 
sively. The fact is, however, that our results 
as well as those of Vance and his co-workers 
do not present a compelling case for radical 
therapy. 

Whether the lesion is circumscribed or 
not, it is excised by lobectomy if possible. 
Available hilar nodes are studied and if 
these are negative, nothing further is done. 
If positive nodes are found, and especially 
if the lesion is epidermoid carcinoma, the 
remainder of the lung is removed and all 
obvious nodes are excised as much in con- 
tinuity as possible. 

If the diagnosis of cancer has been estab- 
lished by scalene or axillary node search, by 
pleural fluid examination or by liver biopsy, 
no further surgical procedure is performed. 

From the Department of Surgery, The Lahey Clinic, Boston. 
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If there exist recurrent or phrenic nerve 
paralysis, massive hilar adenopathy, ex- 
treme rigidity of the trachea and carina, or 
the Pancoast or superior vena cava syn- 
drome, they are considered contraindica- 
tions to surgery. Occasionally exploratory 
thoracotomy may seem worth while in the 
presence of one of these findings, but resec- 
tion is usually impossible and when accom- 
plished, futile. Every effort should be made 
to determine operability without thoracoto- 
my if possible. 

Our experience and that of others suggest 
that the cell type is of value in estimating 
prognosis, and while it does not settle oper- 
ability it does influence the type of pro- 
cedure to be utilized. We believe that 
lobectomy is as effective as pneumonectomy 
for localized, undifferentiated carcinoma. 
This has also been our attitude toward 
adenocarcinoma in the past. However, the 
more encouraging survival figures with this 
type of carcinoma may justify a more ag- 
gressive approach. 

Our personal experience with alveolar 
carcinoma is not sufficiently great to allow 
firm conclusions. It would seem reasonable 
to classify it with adenocarcinoma and 
adenoma and to treat it by lobectomy if 
feasible. 

Epidermoid carcinoma, the commonest 
of lung cancers, is perhaps the only type that 
lends itself to a more radical approach. 
Nevertheless, localized squamous cancers 
with negative hilar nodes are probably best 
treated by lobectomy if such a procedure 
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removes all of the disease. Many squamous’ maining tenure a period of wretchedness 
carcinomas require pneumonectomy for characterized by bronchial fistula, copious 
their removal. If pneumonectomy is re- purulent expectoration, and sepsis. 


SUR 


quired, how radical should it be? It seems There is one additional situation in which MB FRA® 
defensible in this connection to remove any _an aggressive approach to lung cancer may 
area of extension that is expendable, includ- —_ be warranted. This is in the patient with a 
ing portions of the chest wall, pericardium, _long history. As a rule the histologic finding J Surc! 
atrium, or diaphragm. If firm nodes are _ will be that of a squamous carcinoma. but JH agnos 
found in the mediastinum, this area may be __ regardless of cell type a long history sug vests J decad 
cleaned from the diaphragm to the aortic a lesion of low biologic activity. In this con. § safer 
arch or azygos vein and perhaps in certain nection we have been impressed wit!) the §§ trend 
cases to the superior strait. Such a radical _fact that the patients who have done best § of sur: 
procedure is of little additional value in the after 2 million volt roentgen-ray therapy §§ furthe 
more anaplastic epidermoid lesions, par- have been those in whom the disease has Full 
1 ticularly in those with soft, soup-like nodal been of longer than average duration. It be de 
; metastases. In actual practice the type of | would seem justified, therefore, to “go all JJ upon 
' en bloc resection described by Allison is ex- _ out” in such instances at the time of surgery J in gro 
: ceedingly difficult to carry out. Such an ex- _—_and give radiation therapy afterward. are to 
: tension of pneumonectomy performed rou- In the usual case of bronchogenic car-f they ¢ 
: tinely would almost surely increase mortal- cinoma, however, our experience gives us[M traine 
;' ity and morbidity in most hands, even if little reason to believe that the radicalness Th 
‘ this has not been the experience of some. of the operation is a significant factor— fj contri 
: It is questionable whether sufficient im- granted that the lesion is excised. Too many §§ in no 
: provement in the 5 year survival rate would _ patients have died of dissemination without §§ estab! 
\ be obtained to compensate for this increased _ recurrent disease in the thorax. Reliable § which 
mortality. Nevertheless, statistics do not ex- _ statistics on this important aspect of the sub- J trodu 
plain individual cases, and it behooves the _ject would be illuminating. Halst 
surgeon to treat every patient as a special When these considerations are added to The 
problem and to be conservative or radical the known high incidence of cor pulmonale § past ° 
as circumstances warrant. and respiratory crippling (late as well asf the m 
Increased morbidity as a possible result early) following pneumonectomy, a con- ff Of thi 
of radical operations on the mediastinum _ servative approach seems indicated when J source 
could conceivably make the patient’s re- all the disease can be removed. quire! 
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SURGICAL TRAINING 


SurG! «y is playing an increasing role in di- 
agnos) and therapy. Advances in recent 
decad:s are rendering surgical operations 
safer .nd easier for patients; therefore, the 
trend . toward the more ready acceptance 
of surecry. Availability to the people is being 
furthered by additional hospital facilities. 
Full u:ilization of the potential benefits to 
be derived from surgery will ever depend 
upon the surgeons working as individuals or 
in groups. The surgeons of the future, if they 
are to meet successfully the challenges which 
they encounter, must be well trained, better 
trained than those up until now. 

The present status of surgery, its current 
contribution to the health of the country, is 
in no small part due to the evolution and 
establishment of formal training programs 
which began with the residency system in- 
troduced in this country by William S. 
Halsted of Baltimore in 1888. 

The progress that has taken place in the 
past 70 years deserves the appreciation of 
the most critical. To insure a continuation 
of this trend requires an evaluation of re- 
sources and an estimation of our future re- 
quirements. To this end, the Committee on 
Graduate Training of the American College 
of Surgeons during the past 2 years has con- 
centrated its efforts on seeking ways and 
means to improve surgical training. 

They have reviewed the present over-all 
status of current surgical training programs, 
seeking defects as well as items of excellence. 
Concomitantly changes of a broad and com- 
prehensive nature that might render train- 
ing more efficient and increase its substance 
have been explored. Based upon specific in- 
formation of a small but representative 
group of hospital training programs in sur- 
gery and the surgical specialties it was con- 
cluded that some were actually substandard 
and undesirable even for present day needs. 


FRANK. GLENN, M.D., F.A.C.S., New York, New York 
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In this study, it became increasingly evident 
that while correction of details within in- 
dividual programs would often be beneficial 
something additional would be required of 
these training programs to provide the sur- 
geons of the future. This “‘something”’ on 
discussion became defined by common 
agreement as a concept, by no means new, 
that surgeons, be they in general surgery or 
in the specialties, should have training and 
experience in the basic general problems 
and principles common to the care of all 
surgical patients. To accomplish this it is 
proposed that consideration be given to di- 
viding surgical training into two parts, basic 
and definitive. The basic portion would re- 
quire 2 years and be followed by the defini- 
tive of 2 to 3 years to fulfill the requirements 
of the American Board of Surgery and/or 
the Boards of the Specialties. 

It is suggested that the first 2 years of sur- 
gical training should be a period for learning 
the basic principles of surgery, during which 
time the trainee would assume increasing 
responsibility in the management of the 
various aspects of diagnosis, preoperative 
and postoperative care, and the meeting of 
emergent and urgent situations, be they 
primary or arising as complications after op- 
eration. Participation in the performance of 
operative procedures progressing from the 
role of assistant to operating surgeon under 
supervision is an important integral part of 
this training. 

After 2 years of basic training, the trainee 
would be equipped to embark upon defin- 
itive training in general surgery or any one 
of the surgical specialties. During this period 
he would become proficient in diagnostic 
and operative procedures and the associated 
problems common to that particular area of 
endeavor while, at the same time, progress- 
ing to total responsibility for patient care 
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under senior supervision. The time necessary 
to acquire this knowledge would be 2 to 3 
years, determined by the respective board. 
The success of such a plan would be de- 
pendent upon a complete understanding of 
the objectives and an unreserved, dedicated 
co-operation upon the part of general sur- 
geons and those in the surgical specialties. 
There would be participation in the special- 
ties during the basic training period so that 
the trainee would, by rotation during this 
basic 2 year period, gain experience in 3 or 
4 of the specialties. If the trainee knew what 


field he was going to enter it might be to his | 


advantage to rotate through other specialties 
during this period. If he had not made up 
his mind, it might stimulate the individual 
to embark upon one. Thus, the specialties 
would not be handicapped by the lack of 
opportunity to interest and attract the trainee 
early in his preparation. | 

The co-operation and participation of the 
surgeons in the specialties are essential, of 
course. First is needed general agreement 
by those in the specialties as well as in gen- 


eral surgery to accept for training those in- 
dividuals who have had 2 years of basic 
training; and to plan their program so that 
it will be completed within an additional 2 
to 3 years. These programs would fulfil! the 
requirements for admission to examin: tion 
by the respective boards. 

The Committee on Graduate Traini: g of 
the American College of Surgeons believes 
that great credit is due our predecessors for 
the progress in surgical training throug)iout 
America during the past three-quarters of a 
century. Also, they are deeply conviiiced 
that current concepts of surgical training 
need to be brought up to date and iniple- 
mented to meet the needs of the present and 
immediate future as created by socioeco- 
nomic changes and advances in the art and 
science of medicine. 

The surgeons throughout America have a 
personal responsibility in this matter of sur- 
gical training and its related problems. If 
they will include these in the programs of 
their meetings with frank discussions, all of 
surgery stands to benefit. 
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THE SURGEON AT WORK 


CLINICAL EXPERIENCE WITH DACRON AS A 
NONABSORBABLE SUTURE MATERIAL 


EARL O. LATIMER, M.D., F.A.C.S., and JOSEPH A. WERR, M.D., Chicago, Illinois 


THE se ARCH for an ideal surgical suture material 
continues. Dettinger and Bowers discuss such a 
material under the headings of availability and 
economy, tensile strength, ease of sterilization, 
manageability, noncarcinogenicity, and non- 
reactivity. These authors studied the tissue reac- 
tion of white mice to implants of silk, cotton, 
nylon, dacron, and orlon and found the syn- 
thetic fibers to be less irritating than the natural 
fibers—silk and cotton. Of the synthetic fibers 
which were studied, dacron caused the least 
tissue reaction. Postlethwait and his associates 
testing catgut, cotton, dacron, nylon, nymo', 
ramie, and stainless steel wire confirmed previ- 
ous reports of the advantages and disadvantages 
of catgut, cotton, silk, and wire. Ramie was 
similar to cotton as to the amount of tissue reac- 
tion, while dacron, nylon, and nymo stimulated 
little tissue reaction. Teflon was found to cause 
the least tissue reaction and to maintain its ten- 
sile strength, but, at present, a suitable suture of 
this material is not available. Their report indi- 
cates that the knots of all the synthetic fibers are 
not reliable. 

The evidence of noncarcinogenesis of the syn- 
thetic fibers is perhaps best illustrated by the 
lack of reaction about woven nylon, dacron, and 
orlon tubes used as replacements for blood ves- 
sels. Harrison studied long term aortic grafts of 
nylon, orlon, dacron, and teflon used in dogs. 
Nylon grafts lost 85 per cent of their initial 
strength within 175 days, orlon 6.9 per cent in 
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185 days, teflon 1.7 per cent in 358 days, and 
dacron lost only up to 3 per cent after 180 to 
445 days. However, in suture material the long 
retention of tensile strength is not important but 
the lack of tissue reaction to the material is. 

When equivalent sized suture materials are 
compared, catgut in the dry state is stronger 
than silk or cotton, but in the wet state its 
strength is markedly decreased. Cotton becomes 
10 to 30 per cent stronger in the wet state. Nylon 
loses 15 per cent and orlon 5 per cent tensile 
strength in the wet state while that of dacron is 
unaltered. 

The tensile strength of various gauges of non- 
sterile and autoclaved dacron was found to be 
up to 57 per cent greater than cotton and slightly 
greater than silk by Narat and his associates, 
who also found the frictional coefficient of 
dacron to be 2.6 times that of cotton, and higher 
than that of silk. The frictional coefficient of a 
suture or ligature is important in its knot-holding 
ability. Postlethwait considered the outstanding 
disadvantage of dacron and other synthetic 
fibers to be the tendency of the knot to slip. 
Based upon our vast experience, we cannot agree 
with this conclusion regarding dacron. 

We have used cotton as a nonabsorbable 
suture but this has been discontinued because 
of its lack of tensile strength. Silk was so variable 
in this respect that a more desirable suture of 
uniform strength was sought which would fill 
the more important criteria of an ideal suture. 
Since the fall of 1957, dacron was selected as the 
nonabsorbable suture of choice; however, stain- 
less steel wire was still used for abdominal fascial 
closure because it had been so satisfactory. Cat- 
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Fic. 1. Photomicrograph of stomach wall and cross 
section of dacron suture after 32 days. Note minimal in- 
flammatory reaction about the suture. 


gut is used only when a continuous suture is 
desired. 

Dacron, or polyester fiber has been used to 
date in more than 500 patients for the following 
procedures: thyroidectomies, radical and simple 
mastectomies, cholecystectomies, gastric resec- 
tion, bowel resections, appendectomies, hernias, 
and varicose veins. There has been no evidence 
that tissue irritation, such as granuloma, de- 
veloped about a ligature. To our knowledge, 
there has not been a single instance in which a 
polyester fiber suture or ligature was extruded, 
although, in most patients interrupted fine 
dacron sutures have been buried immediately 
beneath the skin. This, however, was not noted 
in our experience with cotton and silk. The re- 
markably slight tissue reaction about polyester 
fiber is well demonstrated in Figure 1, a photo- 
micrograph of a dacron suture in the stomach 
wall after a period of 32 days. 

While, at first, because of the scarcity of dac- 
ron suture material, we autoclaved the material 
as many as a dozen times, it is now autoclaved 
only six times. Clinically, it appears not to lose 
any discernible tensile strength if autoclaved as 
many as three times and very little when auto- 
claved as often as six. However, if autoclaved 
more often it does lose tensile strength, usually 
breaking on the first throw of the knot, and 


generally the break will occur away from rather 
than at the knot. 

The tensile strength of polyester fiber is clini- 
cally so superior to silk that it has been routinely 
used in 1 to 2 sizes finer than the silk formerly 
used. 

The knots have excellent holding power, and 
we cannot understand Postlethwait’s findings 
that the knots were not reliable, unless the 
polyester fiber was not prepared in the sime 
manner as ours. Ligatures on small vessels and 
sutures without tension as used in operations of 
the stomach and bowel are “cut on the knot.” 
All other sutures and ligatures are cut 2 io 3 
millimeters from the knot. There have been no 
known instances in which a knot has become 
untied, slipped, or broken. All knots are flat and 
consist of 3 loops; two loops are used, however, 
for small vessels. Surely, had the knot been un- 
reliable frequent complications would have 
resulted but none was encountered. 


CONCLUSION 


Dacron as a nonabsorbable suture material 
has been used by us in more than 500 surgical 
cases. It was found to be clinically superior to 
cotton and silk because of its greater tensile 
strength and minimal tissue reaction. It may be 
used in finer sizes because of the greater tensile 
strength. We find the knots to be most secure 
and reliable. While the search for an ideal single 
suture material will continue, we believe braided 
polyester fiber is, by far, the most satisfactory 
at the present time. 
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A SIMPLER YET MORE EFFECTIVE REPAIR OF THE 
INCONTINENT SPHINCTER ANI 


PAUL C. BLAISDELL, M.D., F.A.C.S., Pasadena, California 


A siuvLER and more effective technique to 
repair the incontinent sphincter ani has been 
persisintly sought particularly because no- 
where in the field of proctology is a compara- 
tively minor pathologic condition responsible 
for such distressing major disability. 

The technique and management here pre- 
sented for repair of the incontinent anal sphinc- 
ter is ‘he simplest and by far the most effective 
I have devised. In point of postoperative comfort 
and period of disability it is equally impressive. 
Its most important aspect is conformity with a 
fundamental principle of proctologic surgery 
which heretofore has been grossly violated in 
techniques described in the literature, includ- 
ing several of my own. 

This violation is the suture of inevitably in- 
fected wounds involving the anal region. In con- 
nection with more common surgery in the area, 
the importance of leaving such wounds open has 
been recognized even though not clearly defined. 
But in repair of the muscle, suture of the opera- 
tive wound has without exception been part and 
parcel of the techniques employed. The reason- 
ing behind this, I suppose, was that in the urgency 
of the situation at least there was nothing to be 
lost by such a procedure, so that one was gam- 
bling only on the degree of improvement to be 
gained thereby. The utter fallacy of such reason- 
ing has been exemplified over and over in my 
experience with reparative operations and 
more commonly in the similar category of 
operations for pilonidal cysts. In connection 
with the latter, it was previously pointed out 
that in the explosive development and subsidence 
of postoperative infection pent up by suturing, 
the healing time is actually extended to twice 
that of wounds left wide open from the start. 
This significant disparity is due to the far greater 
ensuing devastation of the extremely violent 
tissue reaction and sloughing in the sutured 
wound. If the retention sutures are persistently 
maintained in the forlorn hope of outriding the 
storm, the devastation is only intensified. Even 


their prompt removal at first warning does not 
compensate for the damage. In the case of dis- 
rupted postoperative wounds after excision of 
pilonidal disease there is involved no real penalty 
in the ultimate result except the greatly extended 
disability. On the other hand, in reparative 
surgery of the anal sphincter the end results of 
suturing are in terms of inevitable disunion of 
the repaired muscle with varying degrees of 
failure. It is surprising that it has taken so long 
to recognize this simple fact. 

Our experience in reparative surgery has in- 
cluded various plans of suturing and types of 
sutures: interrupted sutures limited to the 
wound; retention sutures of different material 
with and without buttons, applied directly to 
the operative wound or circumferentially out- 
side and apart from the main wound; and 
purse-string sutures inside the canal separate 
from the main wound. On looking back, it 
appears that these more or less devious devices 
have been unwitting attempts to compensate 
for flagrant violation of surgical principle—su- 
turing of inevitably infected wounds. They have 
proved to be unnecessarily complex in tech- 
nique, directly responsible for greater suffering 
and added disability, and withal far less effective 
in end result as compared with the present 
method. 

This discussion raises the question as to just 
what is the role of suturing in anal and perianal 
surgery. It is surprising that although suturing 
has relation to a most basic principle of proc- 
tology the answer has never been precisely formu- 
lated. Hemorrhoidectomy and __fissurectomy 
wounds, for example, are sutured or unsutured 
seemingly by whim as far as any compiled evi- 
dence of comparative advantage is concerned. 
And yet, with fistulectomy wounds, which fall 
in the same category, there is no such divergence 
of procedure. 

One answer to the problem is derived from 
observations of wounds mentioned previously 
as well as of numerous cases in which similar 
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Fic. 1. A tuck in the normal part of the muscle is far 
easier to make and more effective than dissection and 
reunion of injured ends. An inverted tuck is more effec- 
tive than an everted one under the same tension, by 
virtue of occluding the canal. 


adjacent hemorrhoidal areas in the same patient 
were closely compared week by week after 
hemorrhoidectomy—one area having been su- 
tured by various techniques and the other 
wound left open. The following conclusions in 
barest outline are not based on mere impressions 
but on controlled and documented series: 

In an infected anal or perianal wound the 
increase in healing time and devastation by vir- 
tue of tight closure is in direct ratio to the 
depth of the wound. Thus, in suturing mucosa 
to either mucosa or other tissues little is gained, 
except for considerations of hemostasis which are 
in themselves often worthwhile, and little is 
lost with inevitable cutting through of sutures. 
With deeper suturing less is gained and there is 
more potentially to be lost. Although the unfor- 
tuitous consequences of closing the deepest 
wounds, such as those associated with operation 
for pilonidal cyst or sinus or repair of the sphinc- 
ter have been described, there are exceptions 
in which primary healing occurs in spite of all; 
but here is encountered the alternative risk of 
postoperative fistulas. Not only do retention 
sutures fail to help matters but the prognosis de- 
teriorates in proportion to the delay of return 
to the status of open wounds. 

How then can sutures of the sphincter muscle 
be expected to hold in seeming violation of these 
principles? The explanation lies in a period of 
grace after bowel sterilization before gross soiling 
takes place and the observed fact that healing 
continues as long as this period can be main- 
tained. This gain of tenuous healing can be 
perpetuated even with subsequent gross soiling, 
provided the wound has been left open. It 
cannot, however, withstand the explosive re- 


sults of infection in closed wounds. Inevitably 
this will undo all that had been gained, and 
day by day one can follow the gradual tearing 
apart of the sutured muscle by reversion of 
the wound to its original circumferential shape. 
In contrast to fruitless efforts, some innova- 
tions have, with continuing experience, stood 
the test of time and are incorporated in the 
present technique. The advantages in simplicity 
and effectiveness of directing reparative efforts 
to the uninjured instead of the injured par: of 
the muscle, which had heretofore comprised 
rather standard procedure, have already been 
described (1). This new technique involves 
taking a tuck in the normal portion of the muscle 
coupled with inversion rather than eversion of 
this tucked portion, the advantage of whic: is 
demonstrated in Figure 1. Preoperative sterili- 
zation of the bowel is carried out according to 
the suggestions of Poth and is maintained post- 
operatively as long as it is safe and desirable. 
Bowel movements are avoided postoperatively 
for as long as possible, and meticulous attention 
is paid to local toilet of the wound. These means 
of delaying inevitable gross soiling of the wound 
have been of critical value in spite of the fact 
that it has been consistently possible to culture 
organisms of one kind or another from the 
wound. Promise of future progress in technique 
would seem to be predominantly along bac- 
teriologic lines. Insuring soft movements post- 
operatively minimizes wound strain. 


TECHNIQUE 


The technique of the operation in typical cir- 
cumstances, modified as necessary to specific 
requirements, is as follows (Figs. 2, 3, and 4): 

A circumferential incision is made over the 
normal part of the muscle and the latter dis- 
sected free enough to permit tucking. Dissection 
is aided by grasping a full thickness of muscle 
with an Allis forceps and use of a combination 
of sharp and blunt dissection, the latter per- 
formed with a wisp of gauze in the grasp of a 
forceps. Concentric purse-string sutures of 
chromic gut are taken, including bites in non- 
muscle tissue, as shown. The center portion of 
the muscle is inverted as each suture is tied 
until the opening is deemed to be tight enough. 
It is most essential that these purse-string sutures 
be loosely tied to prevent cutting through during 
postoperative swelling. One always tends to err 
on the tight side in this respect. No closing or 
retention sutures are used. 
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Fic. 2. Fic. 3. 


Fic. 2. A generous circumferential incision is made over the sphincter. 

Fic. 3. Concentric purse-string absorbable sutures are placed with inversion to the required de- 
gree of repair. Sutures must be loosely tied or they will pull out with postoperative swelling. 

Fic. 4. The incisional wound is left open without sutures. It is now at right angles to the anal 
circumference, and continuance or regression of this relationship is a guide to maintenance or 
deterioration of the repair. The edges of the wound actually fall closer together than depicted here. 


The longitudinal axis of the wound will now be 
at right angles to the circumference of the anus, 
and the progress of healing as related to the 
final result can be followed postoperatively by 
the maintenance of this relationship. The upper 
flap, which will be redundant because of the 
new shape of the wound, is trimmed off. Tissue 
in the transitional area is included to take ad- 
vantage of the fact that such excision alone can 
be responsible for posthemorrhoidectomy steno- 
sis, undesirable in that instance, desirable here. 


POSTOPERATIVE CARE 


Intestinal antisepsis is maintained for a week 
or so after operation, and the local wound is 
packed daily with gauze impregnated with 
sterile ointment. Bowel movements can be pre- 
vented for some 5 days with ordinary effort, 
and several more days of grace may be obtained 
by flushing in and out with soapy water until 


the solution returns clear. A constant drip with 
concomitant drainage is an idea which I have 
not tried. When bowel movements become in- 
evitable the stools are kept soft until the wound 
is healed. 


SUMMARY 


Basic principles have been briefly formulated 
in dealing with inevitably infected anal wounds. 
Both simplicity of technique and more gratifying 
end results have been achieved by applying 
these principles to repair of the incontinent 
sphincter ani. A final conforming technique is 
described also, incorporating other innovations 
which have proved invaluable. 
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OPERATIVE CHOLANGIOGRAPHY BY UTILIZING 
THE CYSTIC DUCT 


DONALD R. DAVIS, M.D., F.A.C.S., Kansas City, Missouri 


OPERATIVE CHOLANGIOGRAPHY is easy to achieve. 
It can be performed with only one assistant at 
the operating table; it requires a minimum of 
special equipment; it demands little more than 
the ordinary dissection for cholecystectomy and 
common duct exploration; and it adds no more 
than 10 to 15 minutes to the over-all operating 
time. It is a method of operation adaptable to 
any operating room setup under which chole- 
cystectomies are being performed, including 
rural community hospitals equipped with a 
portable roentgen ray machine. 

The procedure is of particular value in dis- 
covering difficult-to-find stones in the common 
duct and will usually demonstrate whether 
stones are present or not, how many there are, 
their size, and locations. It will outline common 
duct neoplasms which are frequently soft, non- 
palpable, and difficult or impossible to find, 
especially when they are small. Anomalies of the 
duct system are readily visible and spared from 
operative injury. Cholangiography during oper- 
ation greatly minimizes the chance for an over- 
looked stone in the common duct. 

There are several methods of filling the biliary 
tract directly with contrast medium for roent- 
genographic studies which are satisfactory dur- 
ing operation. Acceptable films can be obtained, 
in most instances, by injecting dye into the 
biliary duct system via the liver, gallbladder, 
cystic duct, or common duct by simply piercing 
these structures with a small hypodermic needle. 
The dye is injected through the needle directly 
from a piston syringe or via an intervening seg- 
ment of suitable tubing. Transhepatic operative 
cholangiography is rarely necessary and has its 
greatest usefulness in operations for stricture or 
atresia. Cholangiography through the gallblad- 
der is seldom used in operations for gallstones by 
those proficient in cystic duct cholangiography. 
It is conceivable that one could displace small 
stones from gallbladder to common duct by in- 
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jecting dye through the gallbladder. However, 
when distal duct obstruction due to neoplasm is 
suspected it is preferable to obtain cholangio- 
grams via a needle in the gallbladder. In ti.is 
way, the gallbladder and cystic duct are pre- 
served for possible use in bypassing the obstruc- 
tion for palliation. Patients coming to subsequent 
operations on the biliary tract after cholecystec- 
tomy are candidates for cholangiography via a 
needle positioned in the common duct. The vast 
majority of operations on the biliary tract can be 
investigated most satisfactorily during operation 
by means of cystic duct cholangiography, utiliz- 
ing a small metal cannula inserted into the 
cystic duct. The propitious time for postopera- 
tive T-tube cholangiography is immediately 
after the T tube has been installed and the 
wound is still open because, obviously, one is at 
this time in a position to do something about it if 
an overlooked stone remains in the duct. 

The following method has proved expeditious 
and quite uniformly productive of reliable re- 
sults. 


ARMAMENTARIUM 


The items of special-equipment required for 
operative cholangiography are few, simple, and 
easy to assemble: 

1. Cystic duct cannula. An 18 gauge Titus 
venoclysis cannula works perfectly. In the ab- 
sence of a suitable cannula, polyethylene tubing 
can be threaded down through the cystic duct to 
the common duct and tied in place for cholangi- 
ography. A metal cannula is considerably more 
satisfactory, however. 

2. Polyethylene tubing. This should be ap- 
proximately 18 inches long and of sufficient 
diameter to accept an 18 gauge needle snugly 
within its lumen. 

3. Contrast medium. Hypaque sodium has 
been very satisfactory. It is supplied in 30 cubic 
centimeter ampules of 50 per cent sterile aqueous 
solution and can be used as such for injection 
into the duct system. Dilution of the medium to 
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25 per cent aqueous solution has been preferable. 

4. Portable roentgen-ray machine. 

5. Cassette holder. If a special mattress and a 
Potter-Bucky diaphragm are not available, a 
suitable cassette holder can be fashioned out of 
any radiolucent material, such as plywood, 
bakelite, or plastic, in the home workshop. It 
must be rigid enough to support the weight of 
the patient. A box made of 4 inch plywood and 
large enough to accept a 10 by 12 inch cassette is 
perfectly adequate. This is placed between the 
patient and mattress and padded for comfort. 

6. Roentgen-ray grid. A Camp built-in grid 
cassette is preferable. A Lisholm grid to place 
over the cassette is very satisfactory and less ex- 
pensive. Failure to use a grid results in confus- 
ing, ill-defined cholangiograms. 


TECHNIQUE OF CYSTIC DUCT CHOLANGIOGRAPHY 


The patient is positioned carefully over the 
cassette in a manner to permit roentgenographic 
visualization of the entire hepatobiliary tree. 
The ensiform process and right anterior superior 
iliac spine are landmarks which are positioned 
respectively over the upper mesial and lower 
lateral corners of the cassette (Fig. 1). In addi- 
tion to the common duct, a near-midline struc- 
ture, and the duodenun,, it is desirable to see the 
hepatic ducts with their arborizations. The pa- 
tient should be placed in mild hyperextension 
and the right arm elevated above the head to 
*‘open up” the right upper abdominal quadrant 
by elevating the costal margin. A preliminary 
roentgen-ray film is exposed to check location 
and exposure technique. 

The abdomen is opened in the usual manner, 
the type of incision varying with the choice of 
the surgeon. Field and wound drapes are 
sewed in position with silk sutures to avoid the 
obscuring shadows of towel forceps on the 
cholangiogram. Adequate surgical exposure is 
necessary. The cystic duct is identified and dis- 
sected out from the gallbladder to its juncture 
with the common duct, demonstrating the com- 
mon duct above and below this point of union. 
The biliary duct system is inspected carefully 
and palpated for stones. The cystic artery is 
dissected out, ligated proximally and distally, 
and divided (Fig. 2). A curved gallbladder 
clamp is placed across the cystic duct at its 
junction with the common duct and closed par- 
tially, not locking its ratchet, and the cystic 
duct is milked with a single stroke toward the 


gallbladder to dislodge any stones in the duct 
back into the gallbladder (Fig. 3). As the clamp 
reaches the lower gallbladder segment ji; js 
closed, locking its ratchet, and a silk tie js 
placed around the duct next to the clamp ‘Fig. 
4). A silk tie is positioned around the distal por. 
tion of the cystic duct but is not tied down: this 
will be used as a traction guy while the can:ula 
is being inserted into the cystic duct. The cvstic 
duct is opened with a sharp knife, cutting one 
half the way through the entire diameter o/ the 
duct (Fig. 5) at a point well above the c\stic 
duct-common duct juncture. After making sure 
there is no air in the injecting system, because it 
will give a false positive shadow on the cholan- 
giogram, one inserts the cannula into the cystic 
duct by pushing it through the tiny spiral valves 
of Heister to the common duct. The silk used as 
a traction guy during insertion of the cannula is 
tied to secure the cannula in place (Fig. 6). All 
metal objects, including lead marked sponges, 
pads, and instruments are removed from the 
operative field before cholangiography. The 
wound is covered with a sterile towel. 

A portable roentgen-ray machine is wheeled 
into position and the tube is arranged over the 
cassette, the surgeon holding an instrument over 
the common duct for the technician to “sight in” 
his apparatus. In preparation for the actual ex- 
posure, the anesthesiologist hyperventilates the 
patient to obtain a controlled period of apnea 
and avoid blurring due to respiratory motion. 
Rapid acting curarelike drugs are helpful for 
respiratory arrest during exposure. If the opera- 
tion is being performed under spinal anesthesia, 
the patient is simply instructed to hold his breath 
during exposure. Three films are exposed, 5 cubic 
centimeters of 25 to 50 per cent hypaque sodium 
being injected immediately prior to each expo- 
sure. The roentgenograms are developed at once 
for the surgeon to read in the operating room. 

While the films are being developed, the oper- 
ation continues. The cannula is withdrawn to a 
point where its olive tip is engaged by the tie on 
the cystic duct (Fig. 7). Another silk tie is placed 
around the cystic duct just above its juncture 
with the common duct but below the tip of the 
cannula. The cystic duct is divided between the 
two ties (Fig. 8). The cannula, still attached to 
the tubing, is removed with the gallbladder. The 
gallbladder bed is closed, a soft rubber drain is 
positioned in the foramen of Winslow (Fig. 9), 
and the operative wound is closed anatomically. 
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A CONTROVERSIAL FRUIT OF A VOYAGE TO JAVA 


STAC! Y B. DAY, Minneapolis, Minnesota 


Ir Is A CURIOUS CIRCUMSTANCE that rancor and 
infeliciious dispute invariably reward the in- 
ception of new ideas. In the consuming passion 
for priority, conceptual thought seldom attains 
the eminence that posterity accords the innova- 
tions and practical manifestations of such vi- 
sions. And be fame the spur, then success no less 
frequently is the halter 
that presages the trage- 
dies to come in the lives 
of those whose contribu- 
tions are destined to in- 
spire changes in the evo- 
lution of human thought 
and conduct. The mem- 
ory of Julius Robert May- 
er has been consigned to 
a forgotten limbo. It is 
the endeavor of this dis- 
cussion to salute the vir- 
tue of inspiration and to 
exemplify the worth of 
creative thinking, con- 
sidering as an example a 
fundamental law of nat- 
ural philosophy, inherent 
throughout space and 
time, which asserts that 
“the quantity of energy 
which can be brought forth in the whole of 
Nature is unchangeable and can neither be 
created nor destroyed.” This concept, the law 
of conservation of energy, was conceived first as 
a result of clinical observations made by Mayer 
while a ship’s surgeon in the Java Seas. 


From the Department of Surgery, The University of Minneso- 
ta, Minneapolis. 


Julius Robert Mayer.' 


BACKGROUND TO THE DOCTRINE 


The era was the nineteenth century, the 
decade 1840 to 1850. It was a time in Europe 
pregnant with new ideas and rich in emotion. 
Conflagrations in France brought forth the 
traditional barricades in Paris, the Orleans 
monarchy crumbled, and Louis Phillippe suc- 
cumbed to a revolution 
which had been 18 years 
in the brewing. 

New doctrinaire in the 
guise of the savoir faire of 
socialism rose under the 
hand of Louis Blanc to 
displace existing laissez 
faire. Elsewhere the alarm 
had gone forth. Revolu- 
tion sounded the first 
knell for the mighty Haps- 
burg Empire. Hungary, 
Croatia, and Italy strove 
against the bonds of anti- 
liberal leaders. Even in 
Vienna, the capital of 
the Empire, there was 
revolt, the “rabble,” to 
use Metternich’s expres- 
sion, causing that old 
lion of an autocrat who 
had ruled Europe tightly for more than a quar- 
ter of a century to flee the country. 

In this spirit of upheaval and transformation 
there, under the force of eminent experimental 
and theoretic scientists, began for the first time 
the urge for men to explore the role of the inor- 


1From Die Grossen Deutschen. Vol. III. Berlin: Verlag 
Ullstein. 
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ganic laws of nature in the understanding of the 
life process. There, through the contributions of 
von Helmholtz, Carl Ludwig, Ernst von Brucke, 
and Emile du Bois-Reymond, physics and chem- 
istry were united with the medical sciences. New 
disciplines were created, biophysics was born, 
and the enigma of perpetual motion excited the 
interest of all men from schoolboys to gray- 
beards. There, too, a simpie doctor, untutored in 
mathematics and physics, erected such a mag- 
nificent structure of ideas so rich that even today 
it is the trained mind alone that can fully com- 
prehend their content. As Tyndall, the one con- 
temporary of Mayer to defend him wrote, ‘“‘Here 
was a man of genius working in seclusion, ani- 
mated solely by a love of his subject, and arriving 
at the most important results in advance of those 
whose lives were entirely devoted to Natural 
Philosophy.” 

Julius Robert Mayer, the third son of an 
apothecary, was born in Heilbronn on the 
Neckar in 1814. After an undistinguished career 
at school he studied medicine in Tubingen and 
on completion of his training visited the hospi- 
tals of Munich, Vienna, and Paris. At no time 
did he receive formal education in physics. 

His practicing career began as a young man in 
the role of ship’s surgeon on a Dutch East Indian 
vessel with a crew of 28 men. The journey, last- 
ing from February 1840 to February 1841, left 
him with little to do save contemplate; which 
peace of mind led him to consider the then in- 
explicability of the heat produced by friction 
and also the production of heat in the living 
body. While in Java, on account of illness 
among the crew, he was obliged to let blood and 
was astonished to note that the blood was bright 
red although not taken from an artery.” This was 
the event through which Mayer perceived the 
principle of the conservation of energy. It was a 
perception for which his profoundly sensitive 
mind had a bitter penalty to pay. Discord and 
torment dogged presentation of his discovery on 
his return home. In Germany and abroad, be- 
littlement was heaped upon his head until, ner- 
vously excited, bereaved by the loss of two of his 
children, and torn by conflicts within his family, 
his anguish became such that one morning in 
May 1850, having endured great mental torture 
for 5 years, he sprang out of a window 30 feet 
above the ground, injuring both of his lower 


2This observation constitutes an early remark noting the arte- 
rialization of venous blood. 


limbs severely. During the subsequent 4 years, 
from 1850 to 1854, he endeavored to recuperate 
in various mental institutions in Germany. The 
treatment he received in these hospitals does not 
grace the pages of the history of medicine jor, 
diagnosed as a megalomaniac who imagined 
himself to have made a discovery which he |iad 
not really made, his colleagues subjected |:im 
further to both mental and bodily ill treatment, 

Paradoxically, toward the evening of May :r’s 
life, it was a foreigner, John Tyndall in England, 


who established his general recognition. Off-nse | 


was taken in England over this support anc he 
was called to public account for his words. 

Few words, perhaps, illustrate more poign- 
antly the sensitiveness of Mayer to his derange- 
ment than those he wrote to a colleague and 
admirer Josef Popper-Lynkeus in 1862 (2): 

I cannot deny that my opponents applied against 
me every possible means, among them the most ef- 
fective one as you will know, that I have been declared 
insane, and, of course, incurably insane. 

Perhaps Lenard, a Nobel laureate and later 
compatriot of Mayer described the truth: 

He who is not like the great majority of people, and 
hence does not appear adapted to the traditional form 
of life in the way in which he expresses himself will not 
easily be understood, but will be readily passed over 
or even regarded with suspicion. 


THE CONCEPT AND THE CONTROVERSY 


The observation that blood drawn from the 
veins in the arm of Europeans newly arrived in 
the tropics had a surprisingly red color has been 
related. This phenomenon riveted the attention 
of Mayer and focused his thought upon the 
theory of combustion proposed by Antoine 
Lavoisier a half century before. In collaboration 
with the brilliant physicist, Pierre Simon de 
Laplace, Lavoisier’s studies had laid the founda- 
tion of thermochemistry and enabled him to 
postulate that animal heat is the result of a 
process of combustion. In the case of his own 
observations, Mayer regarded the _ twofold 
change of color which the blood underwent in 
the capillaries as a visible indication of an oxida- 
tion process occurring in the blood. He con- 
ceived that in order that the human body be 
kept at a uniform temperature the development 
of heat within it must have borne a quantitative 
relation to the heat that it lost—a relation, that 
is, to the temperature of the surrounding 
medium. Considering his observations, Mayer 
deduced that both the production of heat and 
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the process of oxidation, as well as the difference 
in color of the two kinds of blood must be less in 
the .orrid zones than in the colder regions.* 
E. ending his views in a pamphlet intended 
for ;pular circulation and published in 1851 
ote: 
; ence it follows that a general balance muust be 
in the organism between receipts and expendi- 
_ or between work done and wear and tear, it is 
akeably one of the most important problems 
hich the physiologist has to deal, to make him- 
«- thoroughly acquainted as it is possible for him 
ith the budget of the object of his examination. 
ear and tear consists in the amount of matter 
wed; the work done is the evolution of heat. This 
‘fect, however, is of two kinds, inasmuch as the 
ims. body evolves heat on the one hand directly in 
1 interior, and distributes it by communication 
»° objects immediately surrounding it; while, on 
ner hand, it possesses, through its organs of mo- 
the power of producing heat mechanically by 
friction, or in similar ways, even at distant points. 
We now require to know whether the heat directly 
evolved is alone to be laid to the account of the process 
of combustion, or whether it is the sum of the heat 
evolved both directly and indirectly that is to be taken 
into calculation. 


Mayer answered this question himself. 

On the combustion theory there is, then, no alterna- 
tive, short of sacrificing the theory itself, but to admit 
that the total amount of heat evolved by the organ- 


ism, partly directly and partly indirectly by mechan- 
ical action, corresponds quantitatively or is equal to 
the amount of combustion. Hence it follows, no less 
inevitably, that the heat produced mechanically by 
the organism must bear an invariable quantitative 
relation to the work expended in producing it. 

Such observations as these suggested a rela- 
tionship between motion and heat. Indeed, 
Liebig had at about the same time already 
pointed out in general terms the connection sub- 
sisting between heat and work. In particular 
he had witnessed. the instance of the steam en- 
gine in which he asserted that the heat so 
produced mechanically was attributable solely 
to the effect of combustion, which could never 
receive any increase through the fact of its 
producing mechanical effects and, through 
these, again developing heat. Writing on this 
proposition Mayer declared “‘. . . it was thus 
impossible for the existence of the mechanical 
equivalent of heat to remain hidden from me. 
But although I have to thank an accident for 
the discovery it is none the less my own, and I 
do not hesitate to assert my right of priority 
(11).” He established his work in these words: 


‘Such an oversimplification would probably not be acceptable 
to contemporary physiologists. 
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In order to insure what had been thus discovered 
against casualties, I put together the most important 
points in a short paper which I sent in the Spring of 
1842 to Liebig with a request that he would insert it 
in the Annalen der Chemie and Pharmacie, in the forty- 
second volume of which, page 233, it may be found 
under the title “‘Bemerkungen veber die Krafte der 
unbelebten Natur.” 


It is not without interest that the first draft 
of his report, completed a few months after his 
return from Java, was sent in 1841 to Poggen- 
dorf for publication in the Annalen der Physik. 
Poggendorf failed in his duty by promptly pi- 
geonholing the contribution. In the same spirit 
Helmholtz, who could best have supported 
Mayer, being then Refereee of the Physical 
Society in Berlin, withheld his recognition. It 
was not until 1852 and during subsequent years 
that Helmholtz admitted gradually in public 
those facts that Mayer had presented earlier. 

Simultaneously with and independent of 
Mayer, James Prescott Joule, an English manu- 
facturer, undertook a series of important and 
celebrated experiments on the relationship of 
heat to mechanical force, which supplied the 
principal verification of the “new” theory and 
which most unhappily formed the background 
to a remarkable and lengthy controversy con- 
ducted over many months within the pages of 
the London, Edinburgh, and Dublin Philosophi- 
cal Magazine and Journal of Science. The prelimi- 
nary shots were fired in October 1863 in an ar- 
ticle entitled “Energy” which appeared in a 
popular publication of the day called Good 
Words. Responsibility for the observations ex- 
pressed in this paper was shared by two scien- 
tists of repute, both holding chairs in Scottish 
universities. William Thomson was Professor of 
Natural Philosophy in the University of Glas- 
gow. P. G. Tait was Professor of Natural Phil- 
osophy in the University of Edinburgh. Speak- 
ing against the claim of Mayer they wrote: 

Curiously enough, although similar coincidences 
are common, while Joule was pursuing and publishing 
his investigations, there appeared in Germany a paper 
by Mayer of Heilbronn . . . on the strength of this 
publication an attempt has been made to claim for 
Mayer the credit of being the first to establish in all its 
generality the principle of the Conservation of Energy 
. . it especially startles us that the recent attempts to 
place Mayer in a position . . . which had long been 
taken by another should have found support within 
the very walls wherein Davy propounded his tran- 
scendent discoveries. 

The events in the last paragraph referred 
specifically to a lecture on force given by Pro- 
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fessor John Tyndall, at the Royal Institution, 
London, on 6 June 1862, in which he had 
presented a paper on energy. At the conclusion 
of that lecture Tyndall surprised his hearers 
with the remark that everything of which he 
had spoken had been described previously and 
independently by a German doctor, Robert 
Mayer in Heilbronn, whose name was probably 
unknown to his hearers. 

Tyndall had been a student in the University 
of Marburg in 1850 and had in 1851 studied in 
the scientific laboratory of Magnus in Berlin. 
During his residency at this time he became 
acquainted with du Bois-Reymond who intro- 
duced him to the celebrated essay of Helmholtz 
“Die Erhaltung der Krafte,” in which the con- 
servation of energy was presented in a general- 
ized study. Tyndall was therefore in the position 
of having a broad understanding of the con- 
temporary progress of developments in natural 
science, particularly with the studies on energy, 
as they had developed on the continent of 
Europe in the decade from 1840 to 1850. 

In joining issue Tyndall (11) wrote in defense 
of Mayer; “As far as I can judge, he desires 
nothing more than permission to stand beside his 
more fortunate fellow-laborer in the memory of 
men. But he will not bear, nor do I think the 
scientific world will call upon him to bear, re- 
moval from the position which he has fairly 
won.” Comparing the contributions of Mayer 
and of Joule, Tyndall added, ‘‘Mayer’s labors 
have, in some measure, the stamp of a profound 
intuition, which rose, however, to the energy of 
undoubting conviction in the author’s mind. 
Joule’s labors, on the contrary, are an experi- 
mental demonstration.” The stage had now 
been set for what must certainly be recorded as 
one of the most fascinating verbal duels in the 
annals of science. Within a short time Professor 
Tait, (9) replying for Professor Thomson, as well 
as for himself, sent an address to Sir David 
Brewster, one of the conductors of the Philo- 
sophical Magazine. There he wrote: “. . . Does 
Professor Tyndall know that Mayer’s paper has 
no claims to novelty or correctness at all, saving 
this, that by a lucky chance he got an approxi- 
mation to a true result from an utterly false 
analogy?” Proposing the labors of Joule he con- 
cluded his letter: “‘. .. it would be unjust to 
Joule to omit the remark that this is but a very 
small part of what he has done for the science of 
energy—work which includes researches on the 


heat generated by voltaic electricity, the heat of 
electrolysis and of chemical combination, vital 
dynamics, the calorific effects of rarefaction and 


condensation on the temperature of air, the | 
ignition of meteors by friction in our atmosphere | 
and the thermodynamic actions of elastic solids,” | 


Joule himself, while refraining from much «f the 
discussion, was led in 1864 to imply that Mayer's 


work fell into the baneful classification of “hasty | 


generalization.” He wrote: “Mayer appears to 


have hastened to publish his views for the express | 
purpose of securing priority. He did not wait | 
until he had the opportunity of supporting them | 
by facts.” As would have been expected, Tait’s | 
letter drew a remonstrance from Tyndall (12), } 
who directed himself to Thomson in Glasgow: | 

In regard to the assertion that Mayer’s paper has 

I find 


no claims to novelty or correctness at all . . . 


myself surrounded by an extremely respectable com- [ 
pany who is actually as ill informed as myself. In a 


discourse delivered at Konigsberg on the 7th of 
February, 1854, Professor Helmholtz analyzed the 
relation of natural forces which he, in 1847, called the 
Conservation of Force—a phrase to which you object 
as inconvenient and erroneous, but which means the 
same thing as the phrase “Conservation of Energy” 
which you adopt. 

This was a reference to the work of Helmholtz 
entitled “Ueber die Wechselwirkung der Natur 
Krafte,” who at Konigsberg had said: 

The first man who correctly perceived and rightly 
enunciated the general law of nature (das allgemeine 
Naturgesetz) . was a German physician, J. R. 
Mayer of Heilbronn, in the year 1842. A little later, 
in 1843, a Dane named Colding presented a memoir 
to the Academy of Copenhagen, in which the same 
law was enunciated . . . In England, Joule began 
about the same time to make experiments on the 
same subject. 

The discussions had by this time become in- 
creasingly infelicitous; yet nonetheless Tait (10) 
again rejoined. “The general principle,”’ he said, 
“‘of conservation of energy is founded on the 
experimental determination of relations of 
equivalence between the various forms of energy, 
and especially between heat on the one hand, 
and each of the others in succession. This was 
begun by Joule in 1840.” Endeavoring to close 
the matter Tyndall (13) replied: 

I would here state, once for all, that I should not 
think of putting Mayer above Joule, or Joule above 
Mayer. In the firmament of science they are, in my 
opinion, a double star, the light of each being in a 
certain sense complimentary to that of the other. 


At this juncture tinder was added to the flame, 
the controversy being fanned by a communica- 
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tion of Colding to the Philosophical Magazine in 
1864. Colding was at that time Engineer-in-Chief 
to the city of Copenhagen and had himself 
describ: | the law of the conservation of energy, 
in Dani-!: described as the principle of the im- 
perisha' leness or perpetuity of energy (Principet 
for Kroc iternes Uforgaen gelighed). Submitting 
his ow: claim he wrote: 


M. Mayer wrote his “ Remarks” in 1842 before he 
was abl’ to support them by a single experiment, or 
by any! ing like a proof of their exactness; whilst I 
though: \\ to be my duty, before I wrote, to prove that 
my sup; sitions concerning the forces were confirmed 
by natu: itself as a law of nature. 


Due very probably to the fact that the Danish 
languaxe was little understood beyond the 
Scandinavian countries, few people in England 
were aware of Colding’s contributions, although 
Helmloltz in his Konigsberg lectures in 1847 
had placed him next to Mayer in formulating 
the concept of energy. 

Reviewing the development of the law of the 
conservation of energy from the vantage point of 
the modern day, there is, of course, little doubt 
that the concept was not absolutely new in 1842. 
Individual domains of natural phenomena had 
been enunciated by Newton and Daniel Ber- 
nouilli. Rumford and Davy had recognized 
features of its presence in their studies on heat. 

Indeed, centuries before, features of conserva- 
tion were imbued in the doctrines of Anaximenes 
in ancient Greece, and Hippocrates, his pupil, 
had anticipated the modern definition of energy. 
To the Greeks, the term “‘water’ symbolized 
matter, in contrast to “‘fire’’ which was able to 
alter water or matter. In his writings Hippocrates 
himself noted, “It is important to keep in mind 
that nothing perishes and nothing comes into 
being that did not exist before.’’* 

Thus, prior to Joule and Mayer, the way had 
been paved by many investigators, among whom 
the theoretic and experimental writings of 
Seguin, Carnot, Clausius, Rankine, and others 


‘Perhaps no account is complete without mention of Roman 
poet T. Lucretius Carus (Lucretius). His poem “Nature of the 
Universe” is known to all—creation took place by self operation of 
elemental atoms of which all matter is com and into which 
all matter may be resolved. The ingenuity with which he employs 
Latin to express in noble verse technical details of natural phe- 
nomena has probably never been su 
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exist as studies of the highest contributing order. 
The roles of Joule and Mayer can perhaps be ex- 
pressed best in the words of Claude Bernard: 


Feeling alone guides the mind and constitutes the 
Primum Movens of science. Genius is revealed in a deli- 
cate feeling which correctly foresees the laws of nat- 
ural phenomena; but this we must never forget, that 
correctness of feeling and fertility of idea can be es- 
tablished and proved only by experiment. 


The surpassing inspiration and _ tenacious 
perseverance of Mayer is common to few men. 
There is in such individuals, as in all truly great 
men, a sense of “infinitude” described by 
Goethe as “unendlichkeit,” understanding of 
which is not readily gained by a review of their 
writings and investigations. In part the hiatus in 
their story is filled by historical reading which 
illuminates their lives and clothes the naked 
bones of their research with flesh and blood. To 
the gosling investigator these same men offer 
the greatest encouragement to run the risk of 
sailing in uncharted seas, and in their greatness 
itisclear that, if indeed acknowledgment be justly 
sought, concept is no less important than the act. 
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nicely 
to 
A concise but relatively complete history of obstetrics of the literature on the toxic effects of spinal cord Yi ® oly 
with a challenge for the future is presented in Our _ irradiation is included near the end of the chapver, fg “Y° " 
Obstetric Heritage. The many facets of this subject are The authors summarize their material in the |ast }§ US |’ 
covered in clearly written chapters with special at- chapter entitled “General Considerations.” A critical |g 2°4Y: ! 
tention to the great teachers, researchers, and prac- _— evaluation is given of the various diagnostic and }§ “!@"%"° 
titioners, as well as to the great advances in the use therapeutic procedures that are applied to the p:ob- emplo. 
of forceps, anesthesia, cesarean section, and the lem of spinal cord tumors in childhood. In their own yy 4!!"°* | 
conquest of puerperal fever. statistics, the authors state that in only 13 of the 64 [9 demo” 
The final chapter, “History in the Making,” only verified neoplasms of the spinal cord was tota! re- JE. The « 
mentions the great advances in the present century moval accomplished. This finding suggested to them fg '™P°!\ ' 
which we believe de-emphasizes a truly great, though _— that 1 child in 5 with an intraspinal tumor had a [§ *Y !'' 
less romantic, era in all of medicine. The book ends _ reasonable chance of surgical cure in direct contrast [gy 
with a challenge of the future that not only the obste- to what is usually expected in adults, because of the J) ©X4™"" 
tricians but all concerned in wholesome parenthood _ higher incidence of resectable benign lesions ir the Jy "CdU®'" 
will work for a healthy, intelligent start for family life older age groups. wee 
through established scientific and psychologic prin- An extensive bibliography is included at the end of Fy P&P 
ciples. each chapter, and 5 unusual cases are presented in Jy 2° 2°" 
Obstetricians, students, and nonprofessional men an addendum. well. | 
and women will find this book interesting and it will This monograph is an especially worthwhile refer- This b 
stimulate many to further historical readings. ence for those surgeons who are called upon to treat enterolog 
—Albert B. Gerbie. spinal cord tumors. The material is clearly and honest- 
ly presented, and the pertinent literature and case 
SEvENTY-TWo cases of intraspinal tumors occurring histories are readily accessible to the perplexed 
in infants and children are presented in the mono- _ surgeon. —Vernon H. Mark. Pharmaco 
graph Intraspinal Tumors of Childhood.? Sixty-four of by near! 
these tumors are neoplasms, and the other 8 include A susyect of ageless controversy, The Tonsils and 
such disorders as vascular anomalies, dermal sinus, Adenoids in Childhood,’ is written from the critical view- 
extradural spinal cyst, and herniated lumbar and __ point of an experienced otolaryngologist who is also 
cervical discs. The neoplasms encountered by the an anesthesiologist. Its contents are divided into 5 
authors include the various gliomas, meningiomas _ chapters covering, in order, the historical background 
and nerve sheath tumors, neuroblastomas, and and growth of our present knowledge, the commoner 
ganglioneuromas, as well as retinoblastomas and diseases involving the tonsils and adenoids and our 
medulloblastomas. There are also chapters on chloro- _ present therapy, consideration of techniques of man- 
mas, leukemias, and sarcomas. Metastatic carcinoma aging the child as a patient, surgical excision of the 
was encountered in only 1 case in this age group. tonsils and adenoids, and care and follow-up after 
The material is presented in an orderly fashion. operation. Special attention is devoted to the prob- 
Each variety of tumor is dealt with in a single chap- _lems related to post-tonsillectomy bleeding, and to 
ter, and the pertinent literature is adequately re- mortality associated with tonsillectomy. 
viewed. Each case report is preceded by a concise The author estimates that operations upon the 
summary, and the pertinent photographs, roentgeno- _ tonsils and adenoids are performed on some 2,000,000 
grams, and photomicrographs are generously and patients each year in the United States. The small 
strategically scattered throughout the text. A table is _ but none the less tragic and largely unnecessary mor- 
presented near the end of each chapter summarizing tality associated with these operations has been 
pertinent findings, methods of treatment, and results § analyzed. Postoperative bleeding continues to be an 
of treatment in the patients reported by the authors. annoyingly frequent complication. Admission to the 
A chapter is devoted to roentgenographic findings _ hospital for adequate study the day prior to operation, 
and radiation therapy of spinal cord tumors. The — good anesthesia, careful surgical dissection, proper 
authors advocate radiotherapy in all cases of spinal surgical hemostasis, and careful postanesthetic care 
cord tumors that have to be removed by a piecemeal —_ can do much to reduce mortality and morbidity. He 
type of dissection, since they have obtained such concludes that the tonsils and adenoids probably play 
favorable results in certain cases with this form of a useful role in the development of immunity to in- 
therapy. They also believe that radiotherapy is of fection and that they should not be removed in early 
curative value in certain benign lesions such as childhood unless indications are especially urgent. 
hemangiomas of the vertebrae, aneurysmal bone This fresh approach to the tonsil and adenoid 
cysts, and benign osteoblastomas. A pertinent review —_ problem should be read by everyone who gives advice 
1Our Onsrerric Herirace. The Story of Safe Childbirth. regarding these structures or who participates in their 
By Herbert Thoms, M.D. 164 pages, illustrated. $4.75. Ham- removal. —Lawrence R. Boies. 
den, Conn.: The Shoe String Press, 1960. 
2INTRASPINAL Tumors oF CxtLpHoop. By Robert W. Rand, Tonsits AND ApENoIps CHILDHOOD. By Donald F. 


M.D., Ph.D., and Carl W. Rand, M.D. 560 pages, 245 illustra- Proctor, M.D. 70 pages, 23 illustrations. $7.50. Springfield, Ill.: 
tions. $16.50. Springfield, Ill.: Charles C Thomas, 1960. Charles C Thomas, 1960. 
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Tur |74 PAGE MONOGRAPH Diagnostic Roentgenology of 
the Di-stive Tract Without Contrast Media‘ contains 245 
excellent illustrations, chiefly roentgenograms which 
nicely (emonstrate the points that the authors wish 
to mak. Although this began as a retrospective study, 
it is ol ious upon reading the text that many defini- 


tive di.gnoses can be approached or accomplished 
using natural contrast media available within the 
‘ast |) demonstrating the characteristic pathologic 
ical chang:~ in the viscera they do, however, frequently 
and emplo. artificial contrast media to more clearly 
ob- the features which they are attempting to 
demon-'rate. 
64 Ta The chief value of this book is in emphasizing the 
re Ti impori.nce of being aware of incidental changes on 
tem as well as those for which the examination 
da i: ended. Roentgenologists always carefully 
rast Te examin every point on a roentgenogram and thereby 
Ge freque:'ly discover important auxiliary or even 
the diagnostic evidence. It is facility in this 
dof “perip!.cral vision” that Wolf, Khilnani, and Lautkin 
i in Wa re attempting to introduce. I believe that they do it 
well. 
f This book should be valuable for surgeons, gastro- 
“ret enterologists, roentgenologists, and their students. 
—Bernard J. Loughlin. 
po THE NUMBER OF PAGES in the latest edition of The 
Pharmacology of Anesthetic Drugs* has been increased 
" by nearly 30 per cent. Through design or oversight, 
- and the publishers have increased the price by only 16 
is per cent and, thus, reasons of economy alone argue 
¢ > for the purchase of this volume. The revision has been 
to 5 WecxPanded to include sections on new anesthetic and 
rt ancillary drugs, hypothermic and hypotensive tech- 
oun’ BBniques, and a much needed section on electroen- 
po cephalography. In addition, many sections contained 
man- 4" the previous editions have been amended to include 
if the recently available data. ; 
pond The basic format and the outline of the book re- 
> semble that of the previous 3 editions. The material 
: dtm arranged largely in diagrammatic, tabular, or item- 
ized form. Such arrangement, while it is admirably 
n the eeuited for quick reference or clarification, does not 
10.000 make for easy, continuous reading. The book, there- 
pe ore, still remains a reference work or an outline 
» mor: eather than a formal text. The 27 page index is most 
been Mecomplete, and the 15 page list of source material is a 
be an ert convenience for anyone desiring further infor- 
to the (eration on any particular subject. 
atin The author understandably prefers dogma to 
=: ’ Hdoubt, and, when there is conflicting data, he has 
, pad tlected to draw from his own experience rather than 
ty He the reader drift on a sea of equivocation. Regret- 
ly play ably, the drugs and techniques discussed are those 
Aarwd ised largely or exclusively in the operating room. 
pers Such a limitation is an artificial boundary which is 
rent. ' Becoming even less precise as the practice of anes- 
denoid ‘Ducnosric Roentcenotocy or THE Dicestive Tract 
advice 'txovr Contrast Menta. By Bernard S. Wolf, M.D., Mansho 
-n their (ME: Khilnani, M.B., and Arthur Lautkin, M.D. 180 pages, 
, llustrated. $8.75. New York and London: Grune & Stratton, 
Boies. ne., 1960. 
ald F ‘THe PHARMACOLOGY OF ANESTHETIC Drucs. i Adriani, 
aid, Til: {D. 4th ed. 332 pages, illustrated. $11.00, Springfield, IIL: 


harles C Thomas, 1960. 
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thesiology is expanding. As a physician who practices 
medicine in the operating theater, the anesthesiologist 
has occasion to use many drugs and agents which 
have a utility in all areas of medical practice. An in- 
complete list of such compounds would include the 
rapidly acting digitalis glycosides, plasma expanders, 
the steroids, antiarrhythmic agents, and the detergent 
aerosols. It is unfortunate that none of these has been 
included in this edition, and one hopes that their 
inclusion in future revisions of this now classic work 
will be considered. —Earl A. Schultz. 


THE WELL KNowN British radiotherapist, D. W. 
Smithers, has written the volume A Clinical Prospect 
of the Cancer Problem® which is difficult to review. It is 
an introductory volume for a series of monographs 
concerned with the treatment of malignant lesions of 
various sites. It presents the author’s theories as to 
the basic nature of malignant phenomena, but in- 
cludes a wealth of contradictory evidence—so much 
so that I was convinced that he has effectively dis- 
proved his thesis that cancer represents a disorgani- 
zation of tissues rather than a group of diseases which 
are characterized by the growth of abnormal cells. 
The book represents a great intellectual labor, and 
the author has been careful in choosing references for 
his arguments. Thus, it is a disagreeable task to note 
that like most part scientific, part philosophic treatises, 
it not only fails in its attempt to give direction to 
thought about the general phenomena of malig- 
nancy, but also is an inadequate presentation of the 
scientific studies concerned with basic and clinical 
research. 

The most undesirable aspect of the book is Smither’s 
insistence that most physicians and scientists believe 
that cancer is a single disease and that they think that 
a single discovery will cure all kinds of cancer. Some 
of his general statements are not well founded. For 
example, the following sentence appears on page 11: 
‘Most people who die of neoplastic disease also have 
a number of other senile changes which would have 
carried them off fairly soon in any case.” His state- 
ments about surgery and radiotherapy are amusing, 
page 199: “Surgery and radiotherapy involve quite 
different methods of trying to achieve the same end.” 
“Surgery . . . does not act in tune with the behaviour 
patterns involved in neoplastic disease, it merely re- 
moves its anatomical source.’’ Whereas, on page 190, 
“The object of radiotherapy is to lower the growth 
potential of neoplastic tissue and so to alter its be- 
haviour pattern within the body that growth restraint, 
and where possible complete tumour regression, can 
occur.” 

And again on page 200, “The best treatment for 
local neoplastic disease is often an interwoven pattern 
of surgery and radiotherapy, most successful when 
the two are practised in harmony and co-operation 
in a way which neither can ever be in isolation or 
competition.” 

These few statements epitomize the author’s avowed 

*Neopvastic Disease at Various Sites. General Editor: D. 
W. Smithers, M.D., F.R.C.P., F.F.R. Introductory Volume: A 
Prospect oF THE CANCER Prostem. By D. W. Smithers, 
M.D., F.R.C.P., F.F.R. 232 pages, illustrated. $8.50. Edin- 


burgh and London: E. & S. Livingstone Ltd., 1960; Baltimore: 
The Williams & Wilkins Co., exclusive U. S. agents. 
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goal of being “general, speculative, and philosophic,” 
but, in my opinion, they fail to give direction to posi- 
tive thought about future research, the clinical evalu- 
ation of new therapeutic agents, and the relative 
worth, accomplishments, and future promise of 
irradiation, surgery, and chemotherapy for the care 
of the cancer patient. 

Again, I wish to acknowledge the immense amount 
of labor involved in the preparation of this book and 
the courage of the author in stating personal views 
rather than popular concepts of the moment. Never- 
theless, I do not believe that the book has greatness. 
It will, however, be of interest to many whose major 
interests are cancer research or the care of cancer 
patients. —George E. Moore. 


A TOTAL REVISION of the standard textbook of Obstet- 
rics’ has been accomplished. It has been entirely re- 
written; authoritative authors have contributed chap- 
ters on material of which they have special and 
profound knowledge; and numerous new illustrations 
have been added. All of these aspects bring the newest 
in knowledge to the reader in a single volume which 
has retained its easily and efficiently usable size. Its 
up-to-dateness, which is characteristic of the author, 
is exemplified by the presentation of 1960 references 
in a volume which carries the same dateline. 

The complete rewriting of the text and the addition 
of essential and informative chapters by outstanding 
specialists make this twelfth edition more valuable 
than the excellent preceding editions. Medical stu- 
dents and practitioners will enjoy the style and the 
format, the excellence of the many illustrations, the 
clearness with which obstetrics and related conditions 
are presented and the abundant information con- 
tained in this volume. — John I. Brewer. 


THE suBTITLE of the book Carcinoma in Situ of the 
Uterine Cervix is A Study of 235 Cases from the Free Hos- 
pital for Women; however, far more information than a 
study of cases is presented. The chapter on “Historic 
Background”’ is most interesting and important be- 
cause in it is an account of the evolution of our 
knowledge about carcinoma in situ and credit is given 
to those who made valuable contributions in the 
fields of cytology and pathology. The 235 cases are 
presented from the points of view of pathologic anat- 
omy, clinical findings, cytology, and therapeutic 
results. 

Among the important statements made are the fol- 
lowing: ‘‘A sharp-knife conization specimen will be 
only as helpful in establishing the diagnosis as the 
clinician is skillful in performing the procedure.” 
**(1) An area of clinical leukoplakia, especially when 
adjacent to an erosion or near the external os, war- 
rants a biopsy, and (2) it is as important to biopsy the 
tissue adjacent to the area of leukoplakia as it is to 
biopsy the leukoplakia area itself.” “It is most im- 
portant to biopsy all Schiller-positive areas together 
with the adjacent tissue and record the exact location 

7Osstetrics. By J. P. Greenhill. 12th ed. 1052 pages, 903 illus- 
trations. $17.00. Philadelphia: W. B. Saunders Co., 1960. 

8CARCINOMA IN Situ OF THE Uterine Cervix. By Gilbert H. 
Friedell, M.D., Arthur T. Hertig, M.D., and Paul A. Younge, 


M.D. 139 pages, 98 illustrations. $7.50. Springfield, IIL: 
Charles C Thomas, 1960. 
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of the biopsies.” The Schiller test has been used 
routinely by Younge. 

Colposcopy was not employed as a diagnostic tec}i- 
nique. In spite of the fact that 15 per cent of the 
patients admitted to the Free Hospital are Jewish, 
there were no such patients in this series. Six, or 2.6 
per cent, of the 235 patients were pregnant or had 
just terminated a gestation at the time that diagnosis 
was made. The authors state that histologic crite: ia 
for the diagnosis are no different in the pregnant )a- 
tient, although the interpretation by the clinician of 
the pathologic diagnosis and his subsequent therapy 
may be modified by the knowledge that the patien: is 

ant. 

This book is definitely authoritative and well writ- 
ten. It contains 93 instructive photomicrographs and 
a bibliography of 157 well chosen references. 

P. Greenhill. 


THE MONOGRAPH Progress in Experimental Tumor Re- 
search® was designed to present segments of experi- 
mental tumor research which are currently of greatest 
interest. The subject matter was selected as the result 
of a questionnaire which was sent to all members of 
the American Association for Cancer Research, the 
American Society for Experimental Pathology, and to 
some 200 researcher workers in England, France, 
Germany, Scandinavia, Japan, and Russia. 

The material is organized into 4 parts: (1) progress 
in virology; (2) progress in carcinogenesis; (3) progress 
in tumor inhibition; (4) progress in tumor biochem- 
istry. There are 8 chapters, by different authors, 
dealing with the experimental virology of cancer, 
progress in virus research and the polyoma virus, 
transmission of human leukemia to mice, biochemical 
aspects of carcinogenesis, experimental carcinoma of 
the uterine cervix, tumor-enhancing factors, biologic 
carcinogenesis, modifying factors in carcinogenesis, 
cytotoxic agents in the purine and sterol group, the 
oncolytic antibiotics, the oncolytic viruses, and bio- 
chemistry of tumors. Each of these chapters brings the 
subject matter up to date and provides the reader 
with a current bibliography. The material supple- 
ments other publications which have appeared in 
journals and provides historical backgrounds to the 
problems under discussion. 

This monograph should interest research workers in 
the fields indicated and will be valuable as a reference 
book. Subsequent additions to this monograph will 
further bring the subject matter up to date. The or- 
ganization of the material, the illustrations, and the 
contributions of all the authors are excellent. 

A better title might have been Progress in Laboratory 
Tumor Research because the contributions in clinical 
research are not included. 

The same criticism that clinical work has been 
omitted can also be made of the volume entitled The 
Physiopathology of Cancer, second edition, edited by 
Homburger and published by Paul B. Hoeber in 1959. 
Here again, contributions from surgical research lab- 
oratories are ignored. Perhaps surgeons should engag¢ 
more than they do in the activities of the American 


®Procress In EXPERIMENTAL Tumor Researcu. Edited by F. 
Homburger. 476 pages, illustrated. $22.00. Philadelphia and 
Montreal: J. B. Lippincott Co., 1960. 
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Association for Cancer Research and the American 
So: iety for Experimental Pathology. 

|: seems to me that one of the purposes of a mono- 

avh such as Progress in Experimental Tumor Research 
shold be to bridge the gap between laboratory re- 
sea'cher workers who have different backgrounds. 
Re ognition in such a monograph that significant 
con ributions are originating in surgical research lab- 
ora vries might be of interest to virologists, immunolo- 
gisi-. geneticists, cytologists, and experimental pathol- 
ogi: s. The addition of chapters on the spread of 
carer in the blood stream and chemotherapy by 
per ision techniques would encourage a great number 
of s rgeons and other clinicians to take an interest in 
thi: monograph. —Frederick W. Preston. 


A .©port of a symposium which recently was held 
at (,eorgetown University is given in the volume en- 
titled Electrical Studies on the Unanesthetized Brain. It 
con.erns both the recording of electric impulses and 
the results of electric stimulation of implanted elec- 
trodes upon the human brain. The observation that 
there are subcortical discharges in the epileptic pa- 
tient which are never present at the cortical level and 
are not picked up by the usual methods of extra- 
cranial surface electrography points up the importance 
of studies such as are recorded in this book. The fact 
that emotional pleasurable experiences can be elicited 
by stimulation of various areas has also been observed 
in both the experimental animal and the human 
being. The papers presented at this symposium as 
well as the discussions which follow them should pro- 
vide the reader with an interesting and valuable 
introduction to this subject. —WNicholas Wetzel. 


THE AUTHOR of the monograph Surgical Treatment of 
Unequal Extremities“ has correlated much of what has 
been written concerning bone growth and has added 
an excellent bibliography. He has reported his own 
experiences gained by careful studies made over a 
period of years at the Newington Hospital for Crip- 
pled Children in Hartford, Connecticut. There is a 
good chapter on the methods of measurement of long 
bones and another on the study and recording of data 
of bone growth in which the team approach is stressed. 
Lengthening of long bones is discussed pessimistically. 
Operations for their shortening are more enthusi- 
astically described. 

The excellent chapter on the attempts at growth 
stimulation is marred by the exclusion of the work of 
Janes who has created arteriovenous fistulas of the 
femoral vessels. Little of his work however, has been 
published which may be a logical explanation for the 
deficit. An excellent chapter on growth control by 
stapling includes the author’s results. Little mention 
is made of complications, Goff agreeing with Blount 
that a good and careful operative technique is im- 
portant in their prevention. The author has removed 


“ELECTRICAL STUDIES ON THE UNANESTHETIZED Brain. Edited 
by Estelle R. Ramey, Ph.D., and Desmond S. O’Doherty, M.D. 
A Symposium with 49 Participants. 423 pages, illustrated. $6.00. 
New York: Paul B. Hoeber, Inc., Medical Division of Harper 
& Bros., 1960. 

TREATMENT OF UneQuat Extremities. By Charles 
Weer Goff, M.D. 184 pages, 136 illustrations. $11.00. Spring- 
field, I11.: Charles C Thomas, 1960. 
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a considerable number of specimens from the epi- 
physial plate during various stages of stapling and an 
interesting histologic study of these is presented. A 
pertinent observation is that growth arrest tends to be 
permanent if the staples are left in for more than 40 
months. Removal of specimens for histologic study 
has apparently been without harm. 

The chapter on bone growth after fractures in chil- 
dren is stimulating. The author presents no final con- 
clusions, other than that bone growth after fractures 
is often unpredictable. The literature is reviewed for 
pertinent opinions. 

The book is abundantly illustrated, the type is 
clear, and the author’s style makes the reading en- 
joyable. — John H. Moe. 


THE SHORT VOLUME, Pages in the History of Chest Sur- 
gery,"* by Rudolf Nissen of Basel, Switzerland, and 
Roger Wilson of San Francisco is a revised and ex- 
panded English version of an earlier volume written 
by Nissen in 1955. 

As the author has explained, this is not a compre- 
hensive history, but it does describe many of the 
fascinating changes in thoracic surgery which have 
occurred during the past 50 years. 

The organization is logical, advancing in brief 
chapters from the problems of the open thorax to the 
problems of a thoracotomy and on through problems 
of anesthesia, pulmonary resection, tuberculosis, heart 
surgery, and esophageal surgery. It ends with a sec- 
tion on thoracic surgery in perspective. The book is 
lavishly illustrated with photographs of men, illustra- 
tions from their articles, and copies of the introductory 
pages of a number of original articles. Many impor- 
tant references to the literature are included. 

—F. John Lewis. 


THE RAPID AND VARIEGATED PROGRESS in surgery poses 
a serious problem for publishers and authors of text- 
books which are expected to be up to date. It is com- 
monly conceded that portions of many such publica- 
tions are seriously out of date on the day of publica- 
tion, and publishers periodically face the task of in- 
corporating new data into a volume which must not 
exceed the financial resources or the muscular capac- 
ity of potential readers. Less frequent, but equally 
critical, is the task of selecting a new editor unless the 
text is allowed to lapse with the death of the original 
author. 

All of these phases in the evolution of a textbook are 
well represented in the venerable institution known 
as Rose and Carless Manual of Surgery," first published 
in England in May 1898 and now in its eighteenth 
revision. I first encountered this book in 1950 upon 
succeeding the late William T. Coughlin, who edited 
the sixteenth American edition from the seventeenth 
English edition of Sir Cecil Wakeley and John B. 
Hunter. Under Pat Coughlin’s relentless quizzing, 
hundreds of surgical students at St. Louis University 


12Paces IN THE History or Cuest Surcery. By Rudolf Nissen, 
M.D., and Roger H. L. Wilson, M.B., B.Chir. 166 pages, 
illustrated. $7.50. Springfield, Ill.: Charles C Thomas, 1960. 

13Rosz AND CaRLEss MANUAL OF SurRGERY. Consulting Editor: 
Sir Cecil Wakeley, Bt., K.B.E., C. B. Editors: Michael Harmer 
and Selwyn Taylor. 1389 pages, illustrated. $15.00. Baltimore, 
Md.: The Williams & Wilkins Co., 1960. 
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came to know this volume, which, with amiable 
irreverence, they nicknamed ‘“‘Rash and Careless.” 
Neither of these perverted adjectives is properly 
applicable to the contents of the book, but it must be 
conceded that the 1947 text was in many places rather 
quaint and, due to stresses of war, inadequately 
aligned with surgical progress. For example, there is 
an illustration of blood transfusion during which 
oxygen is being bubbled through the blood to prevent 
sedimentation of corpuscles; in the same section, one 
finds instructions on the technique of sharpening 
needles for venepuncture, using a “fine Arkansas 
stone,” and advice on the prevention of clotting in 
needles by sterilizing and storing them in liquid 
paraffin. 

These and other anachronisms are pleasantly ab- 
sent from the new edition. The book has been com- 
pletely rewritten, with a larger page size and more 
pleasing type, but without splitting the page into two 
more legible columns as is now so common in Ameri- 
can texts. More than 350 pages have been eliminated 
keeping the weight of the volume below five and a 
half pounds in contrast to 2 popular American, com- 
petitive volumes which weigh six and one-half and 
seven and one-half pounds. Much of this saving re- 
sults from judicious pruning of the section on general 
considerations, including wounds, electrolyte dis- 
turbances, infections, chemotherapy, and blood trans- 
fusions. Anesthesia has properly been omitted as has 
the section on war surgery in this time of uneasy peace. 

Color plates, the glory of British bookmaking, have 
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Tue OPERATIONS FOR INGUINAL HERNIA. By Mark M. 
Ravitch, M.D. and James M. Hitzrot II, M.D. 64 
pages, illustrated. $4.00. St. Louis: The C. V. Mosby 
Co., 1960 

QueeN CHARLOTTE’s TEXTBOOK OF ObssTETRICs. By 
Members of the Clinical Staff of the Queen Charlotte’s 
Maternity Hospital of London. 10th ed, 524 pages, 
240 illustrations. 50s. net. London: J & A. Churchill 
Ltd., 1960. 

Licut Coacutation. By Gerd Meyer-Schwickerath, 
M.D. Translated by Stephen M. Drance, M.B., 
F.R.C.S.(Eng.). 114 pages, 55 illustrations. $9.50. 
St. Louis: The C. V. Mosby Co., 1960. 

Catctum METABOLISM AND THE Bone. By Paul Fourman, 
M.D., D.Sc., F.R.C.P. 314 pages. $8.50. Springfield, 
Ill.: Charles C Thomas, 1960. 

Motor EXAMINATION OF PERIPHERAL NERVE INyjuRIEs. 
By Y. T. Oester, M.D., M.S., Ph.D., and John H. 
Mayer, Jr., M.D. F.A.C.S. 89 pages, 101 illustrations. 
$5.50. Springfield, Ill.: Charles C Thomas, 1960. 

THe TRANSPLANTATION OF TISSUES AND ORGANS. By 
Michael F. A. Woodruff, M.D., M.S. (Melb.), 
F.R.C.S., F.R.A.C.S. 727 pages, 196 illustrations. 
$25.50. Springfield, Ill.: Charles C Thomas, 1960. 
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Anthony F. DePalma. 288 pages, illustrated. $7.50. 
Philadelphia and Montreal: J. B. Lippincott Co., 
1960. 


been reduced from 19 to 12 by the elimination of 
multiple views of microorganisms such as gonococ:i, 
the leprosy bacillus, and the pale treponema. Gone 
also is the cutaneous eruption of secondary syphilis. 
Three new plates appear; the colors of the 9 originals 
have suffered some diminution and the gastroscoj ic 
views on page 1104 are adequate but anemic in con- 
trast to those published in 1947. 

The subject of orthopedics is given somewhat more 
space, 360 pages, than would be allocated in most 
American textbooks of general surgery. Surgery of 
the nervous system, genitourinary surgery, and the 
“nonexistent specialty” of tropical surgery are well 
covered. For the discussion of the eye, ear, and siini- 
lar special zones, a critical selectivity of subject matter 
with avoidance of excessive detail has generally been 
achieved, but one might question the need for several 
pages on the operative technique of cataract removal. 

Despite the fact that there are 15 contributors, the 
editors have achieved both unity and clarity in pre- 
senting this digest of current British thought on a 
complete range of surgical topics. Albert Carless, the 
original junior author and major architect of this 
manual, has been dead for more than 20 years and 
his colorful senior partner, “‘Billy”? Rose died 50 years 
ago. It is a tribute to the vigor of these men and to 
the self-effacing labor of the present editors, Michael 
Harmer and Selwyn Taylor plus the consulting editor, 
Sir Cecil Wakeley, that the spine of this excellent 
manual of surgery carries only the names of Rose 
and Carless. —C. Rollins Hanlon. 
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and S. Wiistner. 158 pages, 15 illustrations. Wien, 
Austria: Springer-Verlag, 1960. 

BioLocy oF PYELONEPHRITIS. Edited by Edward L. 
Quinn, M.D., F.A.C.P., and Edward H. Kass, M.D., 
Ph.D., M.A. (hon.), F.A.C.P. 606 pages, illustrated. 
$18.00. Boston: Little, Brown & Co., 1960. 

Haemoporgsis CeLt Propuction AND Its REGULATION. 
Edited by G. E. W. Wolstenhome, O.B.E., M.A., 
M.B., M.R.C.P., and Maeve O’Connor, B.A. 465 
pages, 107 illustrations. $11.00. Boston, Massachu- 
setts: Little, Brown & Co., 1960. 

Cuinicat DisoRDERS OF THE PULMONARY CIRCULATION. 
Edited by Raymond Daley, M.A., M.D. (Camb.), 
F.R.C.P., John F. Goodwin, M.D. (Lond.), F.R.C.P., 
and Robert E. Steiner, M.D.N.U.I., M.R.C.P., 
D.M.R., F.F.R. 358 pages, 133 illustrations. $8.50. 
Boston: Little, Brown & Co., 1960. 

ATLAS OF ANATOMY AND SURGICAL APPROACHES IN OR- 
THOPAEDIC SuRGERY. Lower Extremity: Vol. II. By 
Rodolfo Cosentino, M.D. 264 es, 139 illustrations. 
$14.00. Springfield, Ill.: Charles C Thomas, 1960. 
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